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OPERATING CHARACTERISTICS 


TYBESS 4 2 Axial Piston, Variable Displacement 
WEIGHT 245255206 irre Approximately 1100 Ibs 
MOUNTING ....... енн еее анана така Foot 


THEORETICAL 
MAXIMUM 
DISPLACEMENT 


DiSPLACEMENT 
(MAXIMUM) 
AT ZERO PSI 
CU/IN. /ВЕУ, 


OPERATING FLUID... 


DRIVE SPEED PRESSURE 


THEORETICAL 
TORQUE PER 
100 PSI 


RPM 





PSI 


Petroleum Oil, 150 to 225 SSU 
at 100°, meeting or exceeding 
lubricating qualities of SAE 
10W, API Classification MS 


EFFICIENCY AT MAX, 
DISPLACEMENT, MAX. 


OUTPUT 
SPEED 
(RPM PER GPM) 
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DRIVE SHAFT- É 
ALVE BLOCK —/ VALVE PLATE =. ETT 
CYLINDER BEARING PIN CYLINDER BLOCK 
BEARINGS 


CYLINDER BEARING PIN 


Figure 1. Sectional View of Unit Assembly 


TABLE L MODEL CODE BREAKDOWN 


и V A 1 * 10) - * * = * 4 - S * * 
P = PUMP SPECIAL 
M 4 MOTOR FEATURE 
DESIGN 
VARIABLE 
ISPLACEMENT 
DISPLACEMENT 
ANGLE S = DISPLACEMENT ONE 
TYPE SIDE OF CENTER 
D = DISPLACEMENT BOTH 
SIDES OF CENTER 
CAPACITY ROTATION 


120 GPM R - RIGHT HAND 
150 GPM L - LEFT HAND 


(AT RATED RPM) Џ = EITHER DIRECTION 














DESCRIPTION 


This manual provides service and maintenance in- 
structions for Vickers PVA/MVA 120 and 150 series 
of pumps and motors. "These units are in the large 
size category and are capable of high displacement, 
high pressure operation. 


АП of the units, both pump and motor, are variable 
displacement, axial piston type. Тһе primary sub- 
assemblies of each unit are: a rotating group, yoke 
апа pintles, valve plate, valve block, housing, bear- 
ings and seals. (See figures 1 and 3.) Design and 
construction of the two series is almost identical. 
The 150 series greater displacement is accomplished 
by: larger bores in the cylinder block, larger diam- 
eter pistons and wider ports in the valve plate and 


valve block. 


Four different yoke control systems may be used on 
each unit, (See Table II.) The selection depends on 
the system application of the unit. An auxiliary pump 
may be mounted on the housing and driven by a chain 
from the drive shaft. This pump may be used as part 
of the yoke control system or for other purposes. 


Operating particulars for a specific unit, such as 
displacement, rotation---- etc., can be determined 
by the mode! number on the nameplate. The Model 
Code Breakdown key appears in Table 1. Application 
data appears on the installation drawings which are 
listed in Table II. 


TABLE П. INSTALLATION AND PARTS DRAWINGS 







INSTALLATION PARTS 
MODEL DRAWING DRAWING 


PVA 120 and MVA 120 | 1-3205-5 | 
SEE BELOW 
[| . 1-250443 O 


| (WITH) HYDRO-MECHANICAL CONTROL Žž | 1-250444 
| 1-250445 | 
(WITH) HAND WHEEL CONTROL 1-250446 por = 









EXTA PRENNE 
1- 3210-8 


1-3201-S 









OPERATION 


А. PUMP OPERATION, 


During operation, a power source turns the pump 
drive shaft which, through the universal link, turns 
the cylinder block. See figures land 3. Тһе cylin- 
der block containing the pistons is displaced from the 
drive shaft axis by an angle determined by the setting 
of the yoke. As a result, the pistons move back and 
forth within the bores during rotation. During the 
time that a piston is being drawn back, hydraulic 
fluid flows into the cylinder bore through the valve 
block and valve plate. Ав the cylinder bore is rotated 
over the valve plate outlet, the piston is being forced 
into the bore thereby forcing the fluid out. The 
complete path for the fluid is, in through the pintle, 
yoke, valve block, valve plate, cylinder bore and 
then out through another set of passages in the valve 
plate, valve block, yoke, and opposite pintle. 


The angle between the drive shaft and cylinder 
block axis determines the length of travel of the 
pistons within the bores. This angle therefore affects 
the delivery rate or displacement of the pump. Since 
this angle is variable by positioning the yoke, the 
pumps in this series are called variable delivery 
pumps. 


B. MOTOR OPERATION. 


Motor operation is essentially the reverse of 
pump operation. À motor converts hydraulic pressure 
into a rotary mechanical motion. 


In operation, the inlet fluid is forced into the 
cylinder bores which are open to the inlet port. The 
remaining cylinder bores are either open to the out- 
let port or blocked by the valve plate. Тһе hydraulic 
pressure cannot push the piston back in the bore 
because of the mechanical link to the drive shaft. 
As a result, a force component determined by the 
angle between the cylinder block and drive shaft axis 
causes a rotary motion of the cylinder block. The 
motion is transmitted to the motor shaft by the uni- 
versallink, 'The fluid discharges into the reservoir 
or system as the bores move over the valve outlet 
port. 


Motor speed and torque are affected by the input 
flow rate and pressure, and also by the angle between 
the cylinder block and drive shaft axis. Since the 
angle is variable by yoke movement in this series, 
an additional control of speed and torque is available. 
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Брес 9 details concerning items guch as mount- 
ing, circui( design, performance characteristics, 
special applications---etc., are available from the 
applicable iñstallation drawing. (See Table .) Only 
some of thd considerations involved with thé instal- 
lation of а replacement or overhauled unit in an ex- 
isting circujt appear below. 


B. ALIGN} ENT. 
Check the alignment of the pump with the drive 


source or |motor with the load. Misalignnient will 
cause noise, vibration, and excesslve bearing wear. 





C. FLUID 


The chbice of hydraulic fluid is one of the most 
important donsiderations. Тһе useful life of your 
unit is direttly related to the type of fluid used. Use 
a clean petroleum oil of viscosity range 180 to 225 
SSU at 100?F and meeting or exceeding the lubricating 
qualities ofSAE 10W, API service classification MS. 


D. STARTING AND PRIMING. 


In addition to being the work medium, | the hy- 


A. INSPECTION AND SERVICE. 





Periodic inspection and service of a hydraulic 
system сай prevent time consuming breakdowns and 


а ‹ repairs. 


(1) heck oil level in the reservoir. Air enter- 
ing the lines will cause extensive damage to compo- 
nents. Chéck all lines for leaks for the same reason. 
| 

(2) Check and replace filter elements period- 
ically. A clogged filter element results in a higher 
pressure drop which will force contamination parti- 
cles through. If the drop is great enough ір operate 
the by-pasp valve, a loss of filtration occurs. 





TROUBLE 


PUMP NOT DELIVERING FLUID 
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TABLE Ш. TROUBLE SHOOTING PUMPS 


PROBABLE CAUSE 


Reservoir fluid level low. 


Inlet filter or pipe plugged. 


INSTALLATION 


draulic fluid must also provide lubrication for the 
components in the system. Because of this, all air 
must be removed from the system to provide maxi- 
mum efficiency and wear life. Oil circulation through 
the housing is also recommended for the PVA/MVA 
120 and 150 series units. Refer to the installation 
drawings for the specifications. 


Observe the following during start-up: 


(1) Before starting the unit, НИ the housing with 
fluid. 


(2) Check the fluid level in the reservoir or if 
the system is a closed loop, fill all lines. 


(3) When possible in a supercharged system, 
start the supercharge pump first to fill the lines. If 
the supercharge pump cannot be started first, fill the 
lines by hand or with an auxiliary pumping system, 


(4) Bleed the system as the components are 
operated (jogged) for short periods. When the system 
appears under control, cycle it slowly until all air is 
removed. 


(5) If leaks appear, repair them and repeat the 
bleeding procedure. 


MAINTENANCE 


(3) Check the condition of the fluid. Contamin- 
ated fluid should be drained and replaced. 


(4) Check operating pressures and settings of 
relief valves. А clogged relief valve can result in 
overload and failure of a pump or motor. 


B. TROUBLE SHOOTING. 


A hydraulic pump or motor exhibiting an ехсев- 
sive increase in heat, leakage, or noise is а potential 
failure, When any of these conditions are noticed, 
shut down the machine, locate and correct the trouble. 


Tables Ш and IV list some common difficulties 
and remedies. 





REMEDY 


Add fluid and check level оп both 
sides of reservoir baffle to insure 
pump inlet line is submerged. 


Clean or replace filter. Clean inlet 
pipe. 




















TABLE Ш. TROUBLE SHOOTING PUMPS (Cont'd) 


TROUBLE PROBABLE CAUSE 


PUMP NOT DELIVERING FLUID Air leak in inlet line prevents 
(CONTINUED) priming and irregular control 
circuit action. 























Pour fluid on inlet joints while lis- 
tening for change in sound of oper- 
ation. Tighten as required. 























Coupling or shaft sheared or dis- 
engaged. 


Disassemble pump and check shaft 
and rotating group for damage. Re- 
place necessary parts. 


Pump driven in wrong direction. | Check installation, Reverse ше 
drive or convert pump. 

Pump not delivering fluid for any | Check circulation by watching fluid 

of the above reasons. in reservoir. 


Relief valve setting not high | Block machine travel. Test with 
enough. pressure gauge. 


Relief valve sticking open. Remove contamination in relief 
valve. 

Leak in hydraulic control system | Test independently by progressively 

(cylinders or valves). blocking off the circuit. 


Free re-circulation of fluid to | Make certain that directional valve 
reservoir. is not in open center (neutral) posi- 
tion or that fluid is not discharging 
to tank through an open line or im- 
properly adjusted valve. 


Control system malfunction. Check and repair auxiliary pump, 
cylinders, or control unit. 


Partly clogged inlet line, filter, | Pump must receive fluid freely or 
or restricted inlet pipe. cavitation takes place. Clean or 
replace filter. Clean lines. Refer 
to installation drawings for intake 
line size. 







SYSTEM NOT DEVELOPING 
CORRECT PRESSURE 























PUMP MAKING NOISE 













Air leak at pump inlet pipe joints. | Tighten as required. Pour fluid on 
joints while listening for change in 


sound of operation. 
















Air bubbles in fluid. Check to be certain return lines 
are below fluid level and well sep- 


arated from inlet line. 


Reservoir air vent plugged. Must be open through breather 
opening or air filter. 


Pump running too fast. Conform with recommended maxi- 
mum speeds on installation draw- 
ings. 


Filter too small on inlet. Refer to appropriate installation 
drawing for proper size filter. 


Coupling misalignment. Check for damaged shaft bearing or 
other parts. If necessary, replace 
and realign the coupled shafts. 


























TABLE ТУ. TROUBLE SHOOTING MOTORS 








| TROUBLE 


MOTOR SHAFT NOT TURNING 
OR МОТ DEVELOPING SUFFI- 
CIENT|SPEED OR POWER 














sure. 


Valve plate 






draulic fluid. 





MOTOR TURNING IN WRONG 






Fluid pressu 





EXTERNAL LEAKAGE FROM 
MOTOR 





NOTE 





Тһе size and construction of the PVA/MVA 
ша Б necessitates the use of special fixtures 
and facilities for a complete overhaul. These 
items are discussed in the overhaul procedure 
which should be read prior to attempting ап 


overhaul. 
A. ali 
| WARNING 


Befbre breaking a circuit connection, be cer- 
tain that the electric power is off) and all 
system pressure is relieved. Lower all 
vertical cylinders and block any load whose 
moyement could generate pressure. 


Drhin the fluid and clean the housing. Disconnect 
the unit from the circuit and eap all exposed lines (0 
prevent dirt from entering the system. 


Each unit weighs approximately |1100 pounds 
exclusive of the control system. Mechanical assist- 
ance in the form of chain hoists, lift trucks, etc|, 


B. CONTROL SYSTEM REMOVAL. 


One of four different yoke control systems will 
be part of your unit. An auxiliary pump which is part 
of the |control system or used for another purpose 
may also be on the unit. The control and auxiliary 


PROBABLE CAUSE 


System overlohd relief valve set 
too low to permit necessary pres- 


Exdiessive work load. Check circuit design. 


nd cylinder biock | Remove motor for lapping of valve 
surface scored by abrasive іп 


| to wrong port. 


Worn seal or gaskets. Install new seal and/or gaskets. 


SPEED FLUCTUATIONS WITH Irregular wear between valve | Lap or replace valve plate and 
CONSTANT INPUT FLOW plate and cylinder block. cylinder block? 


OVERHAUL 











Check pressure and increase relief 
valve setting, but not above recom- 
mended maximum. 









plate and cylinder block surfaces 
or installation of new parts, Flush 
system with clean oil. 



















Check installation and correct dis- 
сгерапсу. Check directional con- 
trol and pump stroke position. 






pump must be removed before overhaul of the unit is 
started. Refer to the appropriate installation drawing 
listed in Table П during performance of this para- 
graph. 


(1) Remove the cover and'gasket from the main 
unit. (See figure 2.) Using pieces of wood on both 
top and bottom, block the yoke in a center (horizon- 
tal} position. 


(2) Remove the yoke position indicator from the 
flange (except hydro-mechanical control system 
units). The yoke indicator on hydro-mechanical 
control systems is part of the control unit and will 
be removed as an integral part. 


(3) Remove the yoke positioning cylinders and 
control unit including all lines. Remove the poten- 
tiometer transmitter (yoke position feedback) assem- 
bly from electro-hydraulic control systems. 


(4) Remove the cover from auxiliary pump 
bracket. (See figure 2.) Remove the tension adjust- 
ing screw and the screws holding the auxiliary pump 
and mounting plate to the bracket. Holding the chain 
up, tilt the pump down to free it from the chain and 
remove the pump. Remove the auxiliary pump brack- 
et from the main unit housing. 


C. MAIN UNIT DISASSEMBLY. 


NOTE 


А specially constructed wooden cradle should 
be used in order to position the unit with the 
drive shaft vertically down. 














LOCKWASHER 


(8 REQ'D) ——— 
COVER ry 


GASKET 


SCREW DD 
(4 REQ'D) 


YOKE POSITION 
INDICATOR 


TENSION ADJUSTING SCREW 


LOCK WASHER 


LOCK WIRE 


(4 REQ'D) 


LOCK SCREW 


(2 REQ'D) 
WASHER 


SPROCKET 


DRIVE 
CHAIN 


SPROCKET 


Figure 2. Áuxiliary Pump and Mounting 


SCREW 
(4 REQ'D) 


AUXILIARY 
PUMP 














ROTATING GROUP SUB- ASSEMBLY, 
SEE EXPLODED VIEW ABOVE. 






NOTE: WASHER USED IN -11,- 12 
DESIGN UNITS. 





Figure 3, Exploded Parts View 












ЈЕ ROTATING 
IBLY 


NOT USED WITH 
AUXILIARY 
PUMP OPTION 






COVER 


SCREW 
(8 REQ'D) 






























mm ик [ы юк | 
| i | screwezreqp) | se | spacer id 
| 2]. COVER |57) ^ "O'RING | 
| 3| GASKET | 58 | ҮЖЕ  — | 
| 3 | СОТТЕРЕ — j 59 |  "o"RING(4REGD) | 
| S | wur — ^ ] $0 | то яме @ ВЕСЬ) ____ 
| 6 | _ SCREW (16 REQ'D) | 61 | "SLEEVE 4REQ'D) | 
| T | VALVE BLOCK” | 62 | GUIDE PIN (2 REQ'D) — | 
| 8 | "VALVEPLATE | 63 | PIN |. — 1| 
| 9 | LOCATING PIN __ 64 | —ROLLER — | 
| 10 |  RETAINER | 65 | NEEDLE BEARINGS | 
и | SLEEVE .— à— 1 [| o6 | PIN  — .— | 
| 12 | SPRING .—  —"| 67 | ROLLER 7 | 
| 13 | WASHER | 68 | ^ NEEDLE BEARINGS | 
| t4 | PLUG (Q REQ'D) _ | 69 | ^ CYLINDER BLOCK — | 
| 15] GROUP (ITEMS 16-20) | 70 | ^ BEARING 2-1 
| i6 | SCREW (4 REQ'D) __| Ti | ^ SNÀPRING | 
"la | — WASHER | 
| i8 | SLEEVE /— " | 72 | CYLINDER BEARING PIN | 
| 19 | "O" RING — [| 73 | __БРАСЕН__ | 
|_20 | RING || PIN | 
| 21 | НЫС ^ | "75 | УЕ | 
| 22 | WAVE WASHER — | 75 | SCREW(2REGD) | 
| 23 | SHIM (ASREQ'D | 77 | RETAINER | 
| 24 | BACK-UP RING [18 | ^ BEARING е | 
[ 25 To" RING Г | UNIVERSAL LINK. | 
| 26 | GASKET — 1 — ^| 80 | BEARING — | 
|_27 | GROUP (ITEMS 28-38) | 81 | SPRING | 
СВЕ ON OPPOSITE PINTLE OR BOTH PINTLES |_28 | ӨСЕР | 82 |  SNAPRING | 
INTROL ASSEMBLY. | 20 | FLANGE _____| 83 | БЕТІМЕ — | 
—30 | SLEEVE — ç | ва |^ KEY 1 
| 31 | о O | 5 | "KEY ^ — j 
| 32 | кымы — 1 ^ à "| 86 |  SCREW(8REGD) [ | 
| 33 | RING 7 | 57 | ^ SEALRETAINER — | 
|4] ^ WAVE WASHER | 88 |  SEAL |^ ^ | 
| 35 [SHIM {AS REG'D) | 89 | ^ GASKET | 
| 36 |  BACK-UP RING " ^ |" 30 | ^ LOCKSCREW . | 
[ 37 | "O'RING | 81 | ^ SHAFT RETAINER NUT | 
[.38 |  GáskET | 92 | DRIVESHAFT SUB-ASSY | 
| 39 | GROUP (ITEMS 40-49) | 93 | ^ BEARING  —  . | 
| 40 |  SCREW(!2 REQ’D) | 94 | ^ LOCK WIRE | 
| 431 | РМТКЕ — — [| 85 |  ScREWQ RED) | 
42 | RING — 1151 1 — | 56 |  SPROCKET ^ — | 
«RE AVAILABLE IN KIT FORM. | 13 |  BACK-UP RING "^ — | 8T | KEY č . | 
E PARTS DRAWING LISTED IN TABLE II. [ i4 | "o"niNG | 98 | BEARING | 
[ 45 |  SPACER 7 | 55 | ^ MAGNETIC PLUG (2 REG'D)| 
гав | "o" RING — ^ — [10g | това (2 REQD) | 
[ 41 | SCREW (2 REQ'D]— Jj 101 | "BEARING | 
[ i8 |  GEARSECTOR ^" ___| 102 | BEARING | 
| 49 |  PIN(2 REQ'D) | 102 | "PLUG  — | 
[..50 | GROUP (ITEMS 51-57) | 104 | — SCREW(2REQ'D) | 
| 51 | SCREW (12 REQ'D) __| 105 | SHIM WASHER (AS REG'D) | 
[ 52 | PINTLE |11461  EYEBOLT 7) 
| 53 | RING — &— ^ — [107 | GASKET | 
| 54 | BACK-UP RING —— [в | HOUSING — — ] 
| aw "ные . [19 | ^ — 7-1 





assembly Sequence 








(1) Cakeful position the unit іп а wooden 
cradle with the drive shaft down. 


(2) Remove the cotter pin (4, figure 3) and nut 
(5) from thé cylinder bearing pin. 


(3) Remove the sixteen screws (6) and remove 
the valve block (7), while pressing against the cylin- 
der bearind pin (72) to prevent cylinder block (59) 
removal. Remove the valve plate (8) Remove the 
valve plate locating pin (9), retainer (10), sleeve (11), 
spring (12), and washer (13). 


(4) Sckew two eyebolts into extreme ends of the 
yoke (58) and connect a chain hoist to the eyebolts. 
Tighten thd chain enough to support the yoke in cen- 
ter position and remove the wooden blocks. 


(5) Carefully remove the inlet and outlet flange 
groups (15) апа (27). The pintle ring surfaces must 
not be damaged. 


NOTE 


Keep (ће associated parts for each flange and 
pintle ih separate groups. The shims, if any, 
for each have been selected for proper clear- 
ance. [They are marked with "В" for|right 
side and "L" for left side. Note their posi- 
tions With respect to the housing as shown in 
figure 3. 


twenty-four securing screws (40) and (51)| will re- 
quire a mre than normal effort to remove because 
of a sealer used on the threads. 


(6) Remove the pintle groups (39) and ЈЕ Тће 


(7) Slowly lift the yoke (58) with the chain hoist. 
Grasp the cylinder block (69) as it becomes exposed 
to prevent) it from falling against the housing or from 
being pulled away from the pistons. Continue to 
raise the yoke and remove it. 


(8) Remove the eight "О" rings (59 and 60), four 
sleeves (61), and two valve block guide pins (62) from 
the yoke. damaged, remove the rollers (54 and 67) 
by driving|the pins (63 and 66) ош. 


CAUTION 


Do not let the pistons strike the housing or 
each dther when removing the cylinder block 
in the following step. A minor burr on the 
piston$ can cause severe damage to the cyl- 
inder bores. 


(9) Tilt the cylinder block (69) and slowly pull 
it out, catching each piston and the universal link 
(79) as they clear the bores. 


(10) Remove the universal link bearing (10). 

(11) Йешоуе the snap ring (71) and pull the су!- 
inder bearing ріп (72) out of the cylinder block. Re- 
move washer (71a) on -11 and -12 design units. Не- 
move the| spacer (73). Remove the pin (74), lock 
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wire (75), two screws (76), retainer (77), and bearing 
(78) from the cylinder bearing pin. 


(12) Remove the universal link (79) from the 
drive shaft and piston subassembly. 


NOTE 


Protect the pistons by placing a piece of 
plastic or rubber tubing over each one. 


(13) Remove the unit irom the wooden cradle and 
set it upright on the housing legs. 


(14) Remove the universal link bearing (80), 
spring (81), snap ring (82), retainer (83), and key 
(B4) from the drive shaft and piston subassembly. 


(15) Remove the key (85) from the drive ghaft. 
Remove the nine screws (86), seal retainer (87), seal 
(88), and gasket (89). 


NOTE 


Replacement of the drive shaft subassembly 
and bearings requires special facilities. Be- 
cause of this, removal is not recommended 
unless wear of the pistons or bearings dic- 
tates replacement. The special fixture re- 
quired to remove the drive shaft subassembly 
is shown in figure 4. 


(16) Loosen the lock screw (90) and remove the 
shaft retainer nut (91) from the drive shaft. 


(17) If an auxiliary pump was on the unit, place 
the drive chain clear of the sprocket during drive 
shaft removal, 


(18) Fasten the fixture block, with backing plate, 
squarely against the drive shaft with the four 5/8 
inch bolts. (See figure 4.) Make certain that the 
pistons are free to move back. Force the drive shaft 
free of the housing by turning the 1 inch bolt. 


(19) Remove the lockwire (94) and loosen the two 
lock screws (95). Slide the sprocket (96) from the 
drive shaft. Remove the key (97). 


(20) Force the large bearing (98) from the drive 
shaft by installing three 1/2-13 UNC bolts in the 
equally spaced holes in the piston and rod end. Tight- 
en the bolts alternately to force the bearing off. 


(21) H the drive shaft bearing races which re- 
main in the housing are to be removed, use a large 
brass rod to drive them out. These races must be 
replaced if the bearings are replaced. Alternately 
strike the race on different sectors when driving it 
out, 


(22) Unscrew the magnetic plugs (99) from the 
housing. 


(23) Press the pintle bearings (101 and 102) from 
the housing if required. 
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D. INSPECTION AND REPAIR. 


АП parts|must be thoroughly cleaned and kept 
clean during і)вресПоп and assembly. Contamination 
in the unit will cause excessive wear, leakagé, and 
decreased service life, Use a commercial cléaning 
solvent which|is compatible with the system fluid. 
Thoroughly clean any part after it is machined ог 
lapped. Use at compressed air to dry the parts after 
cleaning is nat recommended unless the system is 
completely fere to remove water and contamina- 
tion. 


(1) Check that all internal passages arejclean 
and unobstrucled. Examine all mating surfaces for 
Check locating pins and holes for 
wear and богів. Check the condition of threaded 
aded holes. Check all snap ring re- 
burrs can be removed with India 






or damage. 


t all ball, roller, and needle bearings 
wear or roughness when turned by 
hand. Inspect the universal link (79) and bearings 
(70 and B0). place parts that are damaged or show 
excessive wear. | 
| 


{ 
1 


H the drive shaft bearings аге to be replaced, 
the outer |races which fit in the housing must 
also be replaced. Each bearing with its re- 
spective outer race is supplied as a unit. | 


NOTE 


(3) Inspéct the mating suríaces of the | pintle 
rings (21 and 42, 33 and 53). These sealing surfaces 
must be flat and burr free. Repair minor damage by 
lapping the gurfaces. Check the surface flatness 
after lapping. 


(4) Inspect the bores of the cylinder block (69) 
for scoring and wear. The mating surfaces between 
the valve block (7), valve plate (8), and cylinder 
block (69) must be smooth, flat, and parallel to each 
other. Minor) damage to the surfaces сап be repaired 
by lapping. Machining is not recommended, А 
special surface hardness for wear resistanc would 
be removed by excessive material removal. The one 
exception is the bronze cylinder block which is in 
later design nits and some converted units. тах- 
imum of 0. 010 inch сап be removed from the bronze 
block. Lap (һе biock after machining to obtain a 
smooth surfáce. Check all surfaces for flatness 
after lapping, 


(5) Inspect the pistons for wear and burrs. Re- 
move minor burrs with ап India stone. Маке rertain 
that the pistón and rods are free to swivel. Check 
for wear of (һе piston and rod assemblies by pushing 
on each piston. If looseness or excessive damage is 
detected, replace the piston and drive shaft subas- 
sembly. 





Е. MAIN UNIT ASSEMBLY. 


Assembly order sequence is basically in reverse 
lof disassembly, however, clearance tolerances and 
special instructions are contained in the following 
steps. During assembly, install new gaskets, "О" 
rings, and seals. A gasket kit containing these items 
is available. (See applicable parts drawing listed in 
Table IL.) Lubricate all bearings, "О" rings, seals, 
and wear surfaces with clean hydraulic fluid during 
assembly. 


(1) Press the pintle bearings (101 and 102) into 
the housing if they have been removed. The wide 
shoulder of the outer race must face the inside of the 
housing. 


(2) Insta the two magnetic plugs and "О" rings 
(99 and 100). 


NOTE 


Xf the drive shaft bearings (98 and 93) have 
been removed, the new outer races must be 
chilled by dry ice or other means for inser- 
tion. Cooling will shrink the race allowing 
positive insertion into the housing. The inner 
races (containing the rollers) must be heated 
at 250°F for approximately an hour to allow 
positive installation onto the drive shaft. 


(3) Seat the chilled drive shaft bearing races 
firmly in the housing. 


(4) Place a protective sleeve over each piston 
to prevent damage to the pistons during handling. 


(5) Install the large heated bearing (98) on the 
drive shaft, seating it firmly against the shoulder. 


(6) When the drive shaft and bearing are cool 
enough for handling, install the key (97), sprocket 
(96), and two lock screws (95). Seat the sprocket 
firmly against the shoulder and lockwire the screws 
after tightening. 


NOTE 


И the auxiliary pump drive chain has not been 
taken apart, feed it into the housing opening 
and insert the drive shaft through it in the 
following step. 


(7) Place the drive shaft in the housing and 
install the heated small drive shaft bearing (93). 


(8) Install the drive shaft retainer nut (91). 
Tighten the nut so that the drive shaft subassembly 
and front bearing are clamped snugly together (no 
shaft end play). Screw an eyebolt into the drive shaft 
and carefully lift the unit with a chain hoist. While 
the unit is suspended by the drive shaft, back off the 
retainer nut until 0, 003 to 0. 005 inch of clearance is 
measured between the retainer nut and front bearing. 
(See figure 5.) Install and tighten the lockscrew (80). 
Recheck the clearance and repeat the procedure if 
necessary, Lower the unit, remove the eyebolt and 
tap the end of the shaft until the retainer nut is flush 
against the bearing. 














(11) Install the key (84), retainer (83), впар ring, 
(82), and spring (81). Coat the inside of the retainer, 
the universal link knuckles (79), and the bearing (80), 


FRONT BEARING with a liberal amount of "Molykote G" (manufactured 
by Alpha Molykote Corporation). Install the bearing 
RETAINER NUT (80) and universal link (79), 
CAUTION 


Make certain that the filling notches of the 
bearing (78) face the retainer (77) when as- 
sembling. 


(12) Assemble the cylinder bearing pin (72), 
bearing (78), retainer (77) and two screws (76), 
Lockwire the screws after tightening. Install pin 
(14) into the cylinder bearing pin. 


(13) Insert the spacer (73) into the cylinder block 
(68). Insert the cylinder bearing pin (and washer 
71а if -11 ог -12 design unit). Secure with snap ring 
(11). Liberally coat the universal link bearing (70) 
with "Molykote G''and insert it into the cylinder block. 


0. 003-0. 005 INCH 

CLEARANCE (14) Remove the protective sleeves from the 
pistons and recheck each one for nicks and burrs. 
Lubricate each piston with clean hydraulic oil. 





(15) Lubricate each cylinder bore with clean 


Figure 5. Drive Shaft End- Play Adjustment hydraulic fluid. Insert No. 1 piston (figure 6) in 

No. 1 cylinder bore. Alternately insert adjacent - 
(9) Install a new seal (88) in the retainer (87) pistons until two remain to be inserted. ТІҢ the 
and then install the retainer, with gasket (89), on the block and insert the universal link. Insert the two 
housing. Replace the drive shaft key (85). remaining pistons. Check the assembly by pressing 
down on the cylinder block. Action should be smooth 
(10) Place the unit, drive shaft down, in the and springy. Rotate the cylinder bearing pin and 

wooden cradle. check for smooth operation, 


NO. 1 BORE (LINES UP WITH UNIVERSAL LINK SLOT) 


UNIVERSAL NO. 1 PISTON (LINES UP WITH UNIVERSAL LINK SLOT) 
LINK SLOT 


UNIVERSAL LINK SLOT 
(LOCATED IN RETAINER) 


Figure 6. Piston and Bore Alignment. 
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(16) Assethble the rollers (64 and 67), bearings 
(85 and 68), arjd pins (63 and 66) into the yoke (58) if 
they have been removed. Stake the edges of the yoke 
pin holes with ја center punch after assembly. 


(17) Install two eyebolts in extreme ends pf the 
yoke (58) and Фоппесі to the chain hoist. Slowly lower 
the yoke into the housing while guiding the' cylinder 
block into the| yoke opening. Line the yoke up with 
the pintle operlings іп the housing. | 


(18) Assemble and install pintle groups (39) and 
(50). Make cártain that each group is installed іп the 
same side frdm which it was removed as noted in 
paragraph С.(5). Use "Loctite, grade CV( -10)" 


(manufactured by American Sealants Company) оп the 
screw threads and torque to 70-80 foot pounds. 
(19) Assemble the flange groups (15 an 27). 
Test the sealing of the pintle rings (21 and 33) by 
pushing and releasing them іп their respective 
flanges. Тһе action should be smooth and springy. 


Install the grbups, making certain that each group is 
installed іп thé same side from which it was removed, 


(20) Biock the yoke (58) in the center position 
with two wooden blocks and remove the chain hoist 


and eyebolts. 
(21) 3 the four sleeves (61), eight "O'| rings 


(59 and 60), and two valve block guide pins (62) into 
the yoke. 1пБегї the locating pin (9) into һе valve 
plate (8). Lubricate the mating faces of the valve 
block (7), valve plate (8), and cylinder block (69) with 
hydraulic fluid. Align the valve plate with the pin (74) 
in the cylindér bearing pin (72) and install thd valve 
plate. | 


NOTE | 


Assembly will be completed during control 
system installation. 


(22) Rembve the unit from the wooden cradle and 
set it on the housing legs. | 
F. AUXILIARY PUMP INSTALLATION. 
| 
| 


МОТЕ 


On units containing an auxiliary pump (ligure 
2), the alignment of the sprockets must|be 
checked if the sprocket was removed from ће 
auxiliary| pump. Check with a straight edge 
placed against the flat side of the auxili 
pump sprocket and extended through the 
bracket to the main unit sprocket. a 
sprocket [ене is required, be sure to 
lockwire | he set screws after tightening. 


(1) Insthll the auxiliary pump drive chain if it 
was not insthlled during main unit assembly. | Install 
the auxili pump bracket and gasket. Holding the 
drive chain hp, tilt the pump down to engdge the 
sprocket with the chain. Install the pump mounting 
screws fingér tight. Insert the tension adjusting 
the spacer and screw it into the pump 











mounting plate. Adjust the tension screw for proper 
chain tension. The chain tension must not place ап 
excessive load on the auxiliary pump drive shaft nor 
be so loose that the chain will ride out of the sprocket 
‘center guides. Tighten the pump mounting screws 
and recheck. 


(2) Install the bracket cover and gasket. 


G. EANDWHEEL AND PRESSURE COMPENSATOR 
CONTROL INSTALLATION. 


(1) Install the yoke positioning cylinders, con- 
trolunit, and lines. 


(2) Using the wooden blocks and shims required, 
block the yoke in exactly center (zero) position. 
Make certain that the yoke face is exactly parallel 
with a bar placed vertically against the back of the 
housing. 


(3) Position the yoke indicator pointer to exactly 
center (zero) indication and install the assembly on 
the flange. Do not force. The yoke indicator gear 
and gear rack on the pintle should engage freely. 


(4) Install the four plugs (14, figure 3) in the 
valve block. Align the locating pins (9 and 62) and 
install the valve block (7). Install the washer (13), 
spring (12), sleeve (11), retainer (10) and nut (5). 
Tighten the nut (5) until the valve block, valve plate 
and cylinder block are clamped snugly together. 
Back the nut off from 1/6 to 1/4 of a turn. Install 
the cotter pin (4). 


(5) Remove the wooden blocks and shims. 
(8) Install the gasket and cover on the mainunit. 


H. ELECTRO-HYDRAULIC CONTROL INSTALLA- 
TION. 


(1) Install the yoke positioning cylinders, filter, 
and lines. 


(2) Using the wooden blocks and shims required, 
block the yoke in exactly center (zero) position. 
Make certain that the yoke face is exactly parallel 
with а bar placed vertically against the back of the 
housing. 


(3) Position the yoke indicator pointer to exactly 
center (zero) indication and install the assembly on 
the flange. Do not force. Тһе yoke indicator gear 
and gear rack on the pintle should engage freely. 


(4) Install the four plugs (14, figure 3) in the 
valve block. Align the locating pins (9 and 52) and 
install the valve block (7). Install the washer (13), 
spring (12), sleeve (11), retainer (10) and nut (5). 
Tighten the nut (5) until the valve block, valve plate 
and cylinder block are clamped snugly together. 
Back the nut ой from 1/6 to 1/4 of a turn, Install 
the cotter pin (4). 


(5) Remove the wooden block from the top of the 
yoke. Lift the yoke slightly, remove the bottom 











wooden block and then allow the yoke to drop slowly 
against the bottom screw stop. 


(6) Align the holes in the anti-backlash gear on 
the potentiometer transmitter assembly and insert a 
cotter pin. (See figure 7.) Securely attach a 12 inch 
piece of wire to the cotter pin and feed the wire 
through the plug hole in the end of the flange. Install 
the potentiometer assembly on the flange. "The anti- 
backlash gear and gear rack on the pintle should 
engage freely. Use an eye-hook tool or screwdriver 
through the flange plug hole and remove the cotter 
pin, Retrieve it with the attached wire. Install the 
plug in the flange hole. Select a range on an ohm- 
meter that will provide the closest center scale 
reading for 8070 ohms. Соппесі the ohmmeter leads 
to pin À and C on the electrical connector. Loosen 
the 3 clamps and rotate the potentiometer until a 
reading of 8070 ohms 1s obtained (3070 ohms И current 
limiting resistor is not incorporated). Tighten clamps. 


ANTI-BACK LASH GEAR 
(ENGAGES WITH PINTLE GEAR RACK) 


COTTER PIN (HOLDS GEAR IN 
ALIGNMENT DURING INSTALLATION)— 


SCREW DRIVER OR EYE-HOOK 
TOOL TO REMOVE COTTER 
PIN AFTER ASSEMBLY 


TO RETRIEVE 
COTTER PIN 


POTENTIOMETER TRANSMITTER 
ASSEMBLY 


(7) Install the cover and gasket on the mainunit. 


I  HYDRO-MECHANICAL CONTROL INSTALLA- 
TION. 


(1) Install the yoke positioning cylinders. 


(2) Using the wooden blocks and shims required, 
block the yoke in exactly center (zero) position. 
Make certain that the yoke face is exactly parallel 
with a bar placed vertically against the back of the 
housing. 


(3) Position the pointer on the control unit to 
exactly zero indication and then install the unit. Do 
not force. The yoke indicator gear and gear rack on 
the pintle should engage freely. 


(4) Install all control lines. 


O O 
(2 


5000 ОНМ CURRENT LIMITING RESISTOR 

IS ON LATER DESIGNS, EARLY DESIGNS 
HAVE THE DIRECT WIRE CONNECTION 
SHOWN IN PHANTHOM, HOWEVER REMOVAL 
OF THE WIRE AND INCORPORATION OF 
THE RESISTOR I8 RECOMMENDED. 


ELECTRICAL 
CONNECTOR 


(3 REQ'D) 





Figure 7. Potentiometer Transmitter Assembly Installation 
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(5) RefPr to figure 3. Install the plugs (14) in 
the valve bipck. Align the locating pins (9 and 62) 
and install the valve block (7) Install the washer 
(13), spring (12), sleeve (11), retainer (10) and nut 
(5). Tighten the nut (5) until the valve block, valve 
plate and cylinder block are clamped snugly together. 
Back the nut off from 1/6 to 1/4 of a turn. Install 
the cotter pih (4). 


(6) Remove the wooden block from the top of the 
yoke. Lift the yoke slightly, remove the shims and 
bottom wooden block and then allow the yoke to drop 
slowly agai the bottom screw stop. 


(7) Install the gasket and back cover on the unit. 
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J. CIRCUIT INSTALLATION. Connect all lines and 
electrical wiring. Refer to the INSTALLATION sec- 
tion for starting and priming instructions. 


CAUTION 


The housing must be filled with fluid prior to 
start up. 


K. CONVERSION. Change the valve plate in the 
unit whenever a circuit change is made which re- 
quires reverse rotation. Refer to the appropriate 
parts drawing, listed in Table П, for the correct 
valve plate. Remember to stamp a revised model 
code on the nameplate after making the change. 


































| 
| 








Service Parts 
Information 


Variable РУА12С **-10/11/12/13/14 


Delivery ММА172-""-10/11/12/13/14 

Piston / Әр 
Ритрѕ & 

Motors 





Vickers, Incorporated 1401 Crooks Road Revised 7-1-86 


|-3205-5 
Troy, Michigan 48084 





РУА120-%ж%-10/11/12/13/14 
MV; -Жжж-10/11/12/13/14 


298192 SCREW (16 REQ'D) 
PORQUE ТО 180-190 Ib. tt. 


4227562 GASKET 
| 412442 COVER 
| Е 


1275 SCREW 
(22 REQ'D) 


















M 4641 SLEEVE 
(22 REQ'D) 


411631 WASHER 


(22 зет) 
7078 PLUG (4 REQ'D) 





BCAUTION: INSTALL LARGE DIAMETER OF 
TAPERED ROLLER TOWARD OUTSIDE OF UNIT. 


Q NOTE: |MACHINE BOTH SPACERS TO 
ALLOW 0.010 = .005 INCH END PLAY. 





1175 SCREW (6 REQ'D) 
TORQUE TO 185 t 5 Ib. in. 


4230186 RING 

4154088 "О" RING TEEI N 
© 4227637 GASKET S: 221636 INDICATOR 
67 202463 PIN (2 REQ'D) 


230185 DON 


412443 VALVE BLOCK | 
4229157 BACK-UP RING (4 REQ'D) 


4154082 "О" RING (4 НЕО ТД 
227556 SLEEVE (4 REQ'D) 
229027 ROLLER 


230014 RING 

224168 WAVE WASHER | 1 
269941 SHIM (AS REQ'D) Zo 
4227625 GASKET 9 


4197649.BACK-UP RING 
A154086 "О" RIN 










229937 NEEDLE BEARING 
229927 ROLLER DN 
229937 NEEDLE BEARING 
229935 PIN 
(ST IN POSITION) 1516421t 
412475 YOKE 
160571 ROLLPIN 
| а 
X 6214978 SCREW 
: 6221554 SHIM (2 


1015 PL 
224145 HOUSINC 






JI 


6222 229935 PIN 
Ф "N (STAKE IN 
e POSITION) 
229937 NEEDLE 
BEARING (2 REQ'D) 

| ROTATING GROUP SUB-ASSY. 
SEE EXPLODED VIEW. AUXILIARY 
PUMP DRIVE SPROCKET INCLUDED 
IN PUMP MOUNTING KIT. 


4154133 "О" 
















250258 MAGNETIC PLUG 
181822 PLUG (OTHER SIDE) 


| 224935 PINTLE 
4154086 "О" RING — @ 
4197649 BACK-UP RING у 
230015 RING — ey... 


227223 GEAR 
164165 PIN (2 RE 
8076 SCREW (2 REQ' 


1118-B SCREW (12 REQ'D) 


TORQUE TO 70-80 Ib. ft. 
224211 FLANGE С 


S/A PARTS 





W (6 REQ' 
38 COVER 


YE BOLT- 


&2 
2 


V. 





NAMEP 
152416 : 


1935 PLAT 
'25-X SCR. 
5 "О" RIN 


3EARING 
ER 


IR т] 


р 


AUXILIARY PUMPS: 
ATTACHING PARTS & SYSTEM FLANGES 


1033 SCREW CHAIN TENSION 


ADJUSTMENT 
99782 LOCK WASHER. 













1115 SCREW 227553 SPACER 
— 09783 LOCK WASHER (2 REQ'D) 
1252 SCREW (2 REQ'D) 
24111 LOCEWIRE (AS REQUIRED) 
1272 screw" 231513 SCREW (2 REQ'D) 
(8 REQ'D) 
: 240807 CHAIN 
224310 COVER i 
99786 
| 1590 WASHER 
227561 GASKET — | | (4 REQ'D) LOCK WASHER 
y J E (4 REQ'D) 
! 
113000 PLUG > _! 
1314 SCREW (4 REQ'D) | e 
Я =? 


262438 SEAL 


224353 ВНАСКЕТ — 
237927 GASKET | 
I 





DRIVEN SCREW [MOUNTIN E 
SPROCKET| 6 REQ'D PLATE 
SEROCKET| 6 REQD | PLATE | 
1072 WITH 
249099 | МЛН | 249698 | 249700 |У210 
249695 EE 238840 LEER 


1070 V430 
249696 227560 [V3230 
v4240 
























235761 KEY 

226027 DRIVE 
SPROCKET *-1A-11 

231513 SCREW У3230-* -*-1CA-10-5214-LH 
(2 REQ'D) V4240-* -*-1CA -10-S214-LH 


24111 LOCEWIRE 


INLET OR OUTLET SYSTEM 
FLANGE ( OPTIONAL ) 
MODEL FL2-120-28BWL-11 
INCLUDES 







ABOUT THE COVER ILLUSTRATION 


Auxiliary pumps, mounting kit (above), 
cylinders, control and indicator are 
optional equipment, 





MODEL CODE BREAKDOWN 





*VA 120-**-1* 
P - PUMP DESIGN 
M - MOTOR 
DISPLACEMENT 
ы МАВЈАВЉЕ | S - DISPLACEMENT 
DISPLACEMENT ONE SIDE OF 
| СЕМТЕН 
D - DISPLACEMENT 
ANGLE BOTH SIDES OF 
TYPE CENTER 
ROTATION 
DELIVERY АТ 1200 RPM НЯ RIGHT HAND 
120 USGPM L- LEFT HAND 


U - EITHER DIRECTION 








VERY IMPORTANT 
To insure proper running clearance of front and 
rear bearings, tighten nut 297474 во drive shaft 
subassembly and front bearing are clamped snugly 
together. Then back off nut until there is . 003 
to. 005 clearance between nut and bearing. Insert 
screw 1076 in nut and tighten, Recheck clearance. 
Tap end of shaft until nut is flush with front bearing. 
та! 

















VERY IMPORTANT 
To provide praper clearance, 
Ughten 8514 nul go valve block, 
valve plate and cylinder block 
are clamped snugly together. 
Then back the nut off from 1/6 : 
to 1⁄4 turnto align the alot ји = A 
with the key hole іп the ріп, | а 297474 NUT 








For satisfactory service Ше of these qomponents, use full flow filtration to provide fluid which meets ISO 
cleanliness code 16/13 or cleaner. Selections from Vickers ОКР, ОБЕ, and OFRS series are recommended. 


Litho in 17,5, А, 









| 
p Service Parts 
е Information 
Electrohydraulic CAM-SR(*)7-10/11/12 жесе 
Controls САМ-557-10/11/12 i J 
PVA-120/150 CAP-DR(*)7-10/11/12 q JU 
MVA-120/150 CAP-DS7-10/11/12 


САР-557-10/11 
CAP-SR(*)7-10/11/12 








Vickers, Incorporated 1401 Crooks Road Revised 9-1-86 1-3206-5 


Troy, Michigan 48084 








ELECTRO-HYBRAULIC CONTROLS FOR REMOVE STOCK FROM CYLINDER 
0, MVA-120— 10/1/12 DESIGN “YOKE STROKE CONDITION 


РМА-150. MVA-150—10/11/12 DESIGN (SEE TABLE) © 


г њое Assy, || О" RING ЈЕГЕМЕМТ | & FITTING S/A | 
Г5С4-03-***-** | 6(GPM) | 176017 | 154016 | 134727 | 23798 | \ 
ISAd-03-**-9**.**| 12(GPM) | 140113 | 154018, | 147930 | 282259 ^ | 


\ 
227621 PISTON SS 
271082 CONNECTOR - 238282 B 
CONNECTOR 221617 GASKET 
S. 

























(2 REQ'D \ 
› ) INCLUDED ІМ \ [154137 БЕЛІ. 
A Rp e s ~ 230555 END САР 230557 CAP — —— 
| у \ [247240 SPRING ~I 
238281 ant д о%160398 PIN (DRILL HOLE \ (7074 PLUG ———— 
ELBO | h (ке AND PIN TO PROVTDE ,015 4 
(3 REQ'D) Sega ко TOTAL END PLAY АТ ASSY, #315956 SHAFT COUPLII 


4238298 TUBE USE A .062 DIA. DRILL) 0316133 SHAFT COUPLU 


\ ож100103 WA 


















INGLE STAGE SERVO PIPING CONNECTIONS 
1175 SCREW (6 HEQ'D) 
224277 FLANGE 
NOTE: INDICATOR PARTS ARE 
MOUNTED ON OPPOSITE 
SIDE FOR LEFT HA 
CONTROL MOUNTIN 158980 PIN 


221618 GEA 


02963 PIN \ 
| 


| 








221614 SPACER 


148487 PIN —— 
184557 SET SCREW 


221613 INDICATOR 




















233538 PISTON 
233535 GASKET 









1588 WASHER 233537 CYLIN 
227356 STU 

190588 REDUCER 

154131 "О" RING 
185922 REDUCER 189811" 


D61275 TUBE. 154131 "О" RING 



























AEREN D 280456 NUT (5 REQ'D) 
. 282340 SLEEVE (б REQ'D) BASIC PUMP PARTS, PLUS AUXILIARY 
aK x TENE aca VANE PUMP AND VANE PUMP MOUNTING 
28221. £85 MZ Arye) TAS REG'D) PARTS, ARE SHOWN ON PARTS DRAWING: 
REDUCER 5 СТ 254 | 1-3205-8 ---- PVA120/MVA120 
282277 NUT ieee — 282270 ТЕЕ 1-3207-S ---- РУА150/МУА150 
ñ ЧЕ о === [] 
282 jan | хэр 
нк БОЙ. Де ертс HYDRAULIC TUBING 
ES ° ENNAN 0.15 O, D. X. 065 WALL SEAMLESS STEEL 
iow 6 Аа; Сы 4280194 NUT ө. 625 O. D. X. 058 WALL SEAMLESS STEEL 
61273 T W ET ! Ñ СІЗ? 1 280192 SLEEVE 4.5 O. D. X. 05 WALL SEAMLESS STEEL 
= UBE~ Б > 
(AS REQ'D) —— 190068 CONNECTOR NOTE: SEE BACK OF PAGE FOR 


154126 "О" RING 
236193 ELBQW (2 REQ'D) 
154130 "О" RING (2 НЕС!) 


TWO STAGE SERVO PIPING CONNECTIONS 


SERVO AND FEEDBACK CONTROL 
SUBASSEMBLY PART NUMBER AND 
CORRESPONDING MODEL NUMBERS. 








eub o d LL LLL LA LLL Lu 


293263 POTENTIOMETER AND 
118404 RECEPTACLE WIRING SCHEMA TIC 





LIND STUD STROKE 
MODEL СЕ ЕН (4 REQ'D)| CONDITION 
САМ-5Е7-10/11 
CAM-SRA7-10/11/12| 
CAM-SRC7-11/127 
CAM-SS7-10/11/12 | 
CAP-DR7-10/11/12 
| CAP-DRAT-10/11/ 
= Dum 227620 227355 
CAP-DS7-10/11/12 : 


CAP-SR7-10/11/12 
CAP-SRA7-10/11/12 
CAP-SRCT-11/12 230561 
CAP-SS7-10/11 


+ 
Э осаат NUT (4 REQ'D) (TORQUE NUTS ТО 310-330 ІҺ. in.) 


ж 332960 И I CLAMP FEEDBACK CONTROL 
RESISTOR +132082 SCREW (3 REQ'D) 


(POT. FEEDBACK * 62 GASKET 
CONTROL ONLY) Я 
0*235065 COVER 


ca ff \) 2 вотв SCREW (3 REQ'D) 
| ж48982 LOCKWIRE 
‘ ss NEL. POTENTIOMETER (SHOWN) OR 


234402 SYNCHRO 

















(293263) NOTE (118404) 


BARE WIRES MUST BE TAPED OR OTHER- 
WISE PROTECTED TO PREVENT SHORTING 
TO METAL PARTS, 



















234462 SYNCHRO AND 
118404 RECEPTACLE WIRING SCHEMA TIC 





0:240495 CLAMP (SCREW MUST ВЕ €—— ЕНЕ 
a ACCESSIBLE THRU RECEPTACLE (6 BH (118404) 
5 НОГЕ WHEN ҮОКЕ IS AT 300 USED ON EARLY DESIGNS. -14 DESIGN 













DOES NOT REQUIRE THIS PLATE, 


SA4-Q3-**.*** жж 
TWO STAGE SERVO 


WHEN ORDERING SERVO PARTS USE 
MODEL STAMPED IN NAMEPLATE. 


„1258 SCREWS (4 REQ'D) 


/ 154005 "O" RING (4 REQ'D) 178993 PLATE & 174916 SPACER 
/ 281948 END САР EXISTS ОМ EARLY MODELS ONLY 


S 154005 "О" RING 
өзіні SUPPLIED WITH VALVE. ALSO 
AVAILABLE SEPARATELY, 


CG-03-**-10 HIGH PRESSURE RELEIF VALVE 
1118 SCREWS (4 REQ'D) 


== (DOWN POSITION)) 

O«48982 ~O*118404 RECEPTACLE 
LOCKWIRE O *234752 SCREW 

(1 REQ'D) — 7074 PLUG 


1016 PLUG У 48549 ORIFICE © 


= 


7075 PLUG 
241240 SPRING Se 


174140 SEAL | 


/ 7074 СВИ 
/ PLUG om 
/ 247238 POPPET „@ “7 
/ 223204 NUT (4 REQ'D) 
~y TORQUE TO 520 + 10 Ib. in. 
"D 
/ 








174916 
SPACER 












/ => L 96550 "О" RING TWO STAGE SERVO CONTROL 
(4 REQ'D) 2 4 Ур 
income 214632 SCREW (4 REQ'D) AFOR INSTALLATION OF 
O" RING ANTI-BACK 
Н SC4-03-***_** - LASH GEAR 
ЕНІ FEU x SINGLE STAGE SERVO VALVE INTO PUMP, REFER TO 
о" RING — — 75 pes FIGURE NO. ТОР MAINT. 
37982 САР. p. Ж. MANUAL I-3201-8, 
< / P—— 117671 SEAT 
= у 0-——117670 PISTON МОТЕ 


RELIEF VALVE AND SERVO VALVE 
PARTS INFORMATION IS SHOWN IN THE 
FOLLOWING PARTS DRAWINGS: 


[1-3060-8 | e SA4-03-**-***-10, 11, 12, 13, 14 
А SC4-03-***-12 
• CG-03-**-10 


)74 PLUG mee 
240 SPRING 2 


/ 239301 SPRING 

238 VALVE : / S— 113416 GUIDE 
1076 PLUG —@ C / — @у77153999 "О" RING 
ж. f "238607 RETAINER 








223204 NUT (4 REQ'D) 
TORQUE TO 520 t 10 Ib. in. 154004 "0" RING 
238606 PLUNGER 





7075 PLUG 


А 138881 RETAINER 
(D д 1487 NUT OINCLUDED IN 941192] [ «INCLUDED IN 941894 
130730 ADJUSTMENT SCREW SYNCHRO KIT POTENTIOMETER KIT 


SINGLE STAGE SERVO CONTROL 











SERVO VALVE 


| TYPE OF FEEDBACK 
| CONTROL MODEL MODEL АБЅҮЎ | FEEDBACK CONTROL | CONTROL KIT 


| CAM-SR7-10/11 5С4-03 -530-20 
'CAM-SRAT-10/11/12 | 8C4-03-220-20 | 252917 | POTENTIOMETER 941894 
CÁM-SRCT7-11/12 __ |$C4-03-004-20 | 283824 
















|CAM-SS7-10/11/12  [SC4-03-530-20 | 252918 | SYNCHRO | 941192 | 
|CAP-DRT7-10/11/12 | SC4-03-530-20 [252918 | 

| CAP -DRAT-10/11/12 | $С4-03-220-20 941894 
А4-03-*+-*** | | 

|САР-087-10/11/12 | SC4-03-530-20 [252918] SYNCHRO _____| 941192 | 


CÁP-SRT-10/11/12 | SC4-03-530-20 





САР-5ВАТ -10/11/12 | §C4-03-220-20 |252917 |] POTENTIOMETER 941894 
| CAP-SRC' -11/ $С4 -03 -004 -20 
р-551-10/11 8С4-03-530-20 |252918 | SYNCHRO 941192 





Num s CENTERING PROCEDURE 
The following procedure is DN to center the potentiometer: 


1. Place the yoke in the 30? down position. 
2. Remove cover and loosen potentiometer clamps 235061. 


CAUTION 
In the following step, вејес а high range on the Ohm- 
meter to limit current through the potentiometer, when 
making a resistance measurement. Current throughthe 
potentiometer must nol exceed 0. 010, (10 milli- 
Amperes), or damage may result. 


3. Measure resistance between pins А and C on connector 118404, 
4. Rotate potentiometer until a| resistance reading of 8070 Ohms 





is obtained. 
5. Tighten clamps without disturbing resistance setting. 





MODEL CODE BREAKDOWN 


| 
| 


CAF- * * (*) 7. ** 


| 
| 
C - CONTROL|— DESIGN NUMBER 


А - ANGLE TYPE DESIGN | 
VALVING AT ANGLE WITH DRIVE а SIE 





M - MOTOR CONTROL VARIATIONS 

р - PUMP А - 804 WITH 2200 COILS 
В - SA4 TWO STAGE TYPE 
C - 504 WITH 40 XCOILS 


D - CONTROL OPERATING OMITTED - SC4 WITH 5300S.COILS 
BOTH SIDES OF CENTER 
8 - CONTROL OPERATING 
R - ELECTRO-HYDRAULIC 
ONE SIDE OF CENTER POTENTIOMETRIC TYPE 


5 - ELECTRO-HYDRAULIC SYNCHRO ТҮРЕ 








For satisfactory service life of these components jin industrial applications, use full flow filtration to 
provide fluid which meets ISO cleanliness code 16/13 or cleaner. Selections from Vickers ОЕР, OFR, 


and OFRS series are recommended. 


Litho in U, S. A, 
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SERVO PUMPS 


INTRODUCTION: 


Where high flow and horsepower are required, a servo pump 
system is generally used. This is primarily because of its higher 
efficiency in comparison to a servo valve system from a heat loss 
standpoint. 


The main purpose, however, of this portion of the course will 
be to acquaint the student with the physical hardware. 


DESCRIPTION OF A TYPICAL SERVO PUMP CIRCUIT 
шалым лалы ы БЕДА ВКУС PUMP CIRCUIT 


This type of circuit uses a servo valve to position a control 
cylinder on a variable delivery pump. The pump output in turn will 
then control the speed and direction of rotation of a hydraulic 
motor. Here the pump supplies only the amount of flow required by 
the load. 
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SERVO PUMP DESCRIPTION 


The servo pump is a variable displacement type unit with a 
uni-directional or bi-directional output. The two basic types of 
pumps used are the axial and radial piston units. We will, how- 
ever, discuss just the axial type, which can be of the bent axis 
or in-line design. | 




















1. BENT AXIS VARIABLE DISPLACEMENT TYPE PUMP 





In this pump the cylinder block is housed in a 
yoke which can be| positioned at various angles. 
Pump output is determined by the yoke position 
(cylinder block axis) relative to the drive shaft 
axis. (See Figures A, B, and C below.) 








Also refer to Chapter 11, Page 28, of the Vickers 
Industrial Manual #935100-А for more detailed 
drawings. 
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This type of pump is available in various sizes with 
flows ranging from O to 500 GPM. Maximum allowable 
pressures will vary with pump size, physical construction, 
and application, and may be as high as 5000 PSI. 


IN-LINE VARIABLE DISPLACEMENT PUMP 


The operation of this pump is similar to the bent axis 
design. The main difference being that the cylinder 
block and pistons remain parallel to the drive shaft 
axis. The displacement of a given size pump is deter- 
mined by the stroke of pistons; which in the in-line 
design is accomplished by varying the angle of a swash 
plate. The swash plate is contained in a yoke which is 
allowed to pivot under the influence of a yoke actuator. 
(See drawings below) 





УШ 


This type of pump is available in various sizes with 
flows ranging from О to 200 GPM. Maximum allowable 
pressures may be as high as 5000 PSI depending on size 
and application of a particular unit. For further 
information and reference, see Chapter 11, Page 25, of 
the Vickers Industrial Hydraulics Manual #935100-А. 
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(D HYDRAULIC POWER UNITS 
РОВ 
SERVO SYSTEMS 


In pianning a servo syBtem, our first concerns are with 
selecting the proper sizes for the actuator, valve and electri- 
cal control elements. Our work 18 not completed, though, until 
we heve made provision for a hydraulic power unit which will 
Supply clean, cool oil to the servo valve at the proper flow and 
pressure levels. There are almost as many designs of hydraulic 
power units for this purpose as there are uses of servo valves. 
However, there are some guide lines that сап be followed. We 
will try to cover these and also show some of the variations 


(T that have been used to fit particular needs. 


POWER UNIT PHOTO 

The first slide shows а picture of a basic power unit соп- 
sisting of a tank, a pump, an electric motor, a relief valve, 
and a pressure line micronic filter. Hot 011 returning from the 
servo valve moves slowly in the tank. This slow movement gives 
the oil time to cool, and also allows any sediment that may be 
present, time to settle out. Generally, there is a baffle inside 
the tank. Sometimes there is a pump inlet strainer in the tank. 
If not, there will be a “tell-tale type strainer on top of the 
tank. The tell-tale units provide maintenance personnel with a 
visual indication of the condition of the strainer element and 


can provide a warning when a change is necessary. 


о 
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SC4-03 
| Тпе hydraulic power unit as shown in the slide could be р 
used directly іп a positioning system using the single stage 
Servo valve. FIGURE ] shows the circuit diagram of the arrange- 
ment. 

System pressure is limited to 1000PSI and flow to 3-3/4 
gpm. 

When the cylinder 18 at а position, the full flow of the 
pump passes over the relief valve and the pressure of the system 
їз the setting of the relief valve. When the system 18 commanded 
to a new position, the servo valve opens up wide and the 011 from 
the pump is now directed through it to the cylinder. System ргез- 
sure now із the sum of the pressures required to move the load and 
the pressure drop in the servo valve. It could be well below the 
relief valve setting if the load is small. Оп the other hand, if 
the load pressure is dak high, there may not be enough system 
pressure available to put full pump delivery through the valve. 
In this case, the flow then divides between the servo valve and 
the relief valve and the cylinder moves slower than what might 


otherwise be expected. с 


MORE THAN 3 GPM 


If more than 3 GPM is required, the two stage servo valve 
must be used. Неге EM M: control pressure and supply pressure 
lines are required and separate filters are used as shown by the 
dashed lines in FIGURE 1. If the load requires a relatively large 


pressure to be moved, system pressure will always be at the relief 


d 
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valve setting or at a fairly high level. The control pressure 
then w111 always keep the servo valve under control. However, 
if system pressure can drop to a low value during the time the 
cylinder moves, the servo valve may become erratic or operate 


improperly. 


SEPARATE CONTROL PRESSURE SOURCES - 2 PUMPS 

To avoid this difficulty, the control pressure can be obtained 
from a separate source. FIGURE 2 shows one possible arrangement 
using a double shaft motor with a large pump on one end to provide 
the proper amount of oil for the cylinder and a small pump on the 


other end to provide oil for the control circuit of the servo vlave. 


SEPARATE CONTROL PRESSURE SOURCES - DOUBLE PUMP 

Double shaft extension motors are a little more expensive 
and of course added cost results when an extra pump must be 
mounted on a tank, both for the hardware and for the extra size 
of the tank. Often time it is more economical to use a double 
pump as shown in FIGURE 3. Here two pump sections built into 
one housing are driven by a single shaft. The double pump unit 
can then be driven by a standard electric motor. Ме have four 
different types of double pumps to choose from -- VC, double 
round, double square, and VHO. The following slides illustrate 
each type. 


SYSTEM PRESSURE ABOVE 1000 PSI 
Qif the system pressure exceeds 1000 PSI, the two stage servo 
valve must be used, regardless of flow requirements. However, the 


control pressure to this vaive must not exceed 1000 PSI. To meet 
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these requirements, two separate pumps of the proper pressure 

and flow ratings driven by a double shaft motor, or a high 
pressure double pump in the circuit of FIGURE 3 could be used. 
Another arrangement 18 shown in FIGURE 4. Here a single high 
pressure, high volume pump is used. The flow 18 directed to 

the servo valve and also to a branch circuit containing a press- 
ure reducing valve. The reducing valve should be set so that the 
pressure applied to the pilot stage of the servo valve will not 
exceed a safe working level of 1000 PSI. It also tends to smooth 
Qut system pressure variations that might occur in the main sec- 


tion of the circuit. 


шат 


In all of the circuits that we һауе discussed, heat 15 pro- 
duced in the 011 whenever oil flows over the relief valve. Some 
heat із also generated when oil flows through the servo valve 
because of the pressure drop that occurs there. If the pressure 
levei or the flow rate or both are large, and 1? they occur for 
any period of time, the amount of heat generated in the oil may 
become prohibitive. High temperatures in the 011 cause reduction 
in the oil viscosity, increase leakage, cause the servo valve to 
Ghange its characteristics and can damage the oil. ‘The amount of 
heat produced in a servo system must always be checked and means 


provided to take care of it. 


STOPPING POWER UNIT OR VENTING PUMP 
One thing that сап be done to protect the oil from excessive Q 





heat 13 to operate the electric motor only when the system 13 re- 
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quired to move the load from one point to the next. This 
usually is awkward. А better way 18 to unload the system by 
venting the supply pressure relief valve. Unless the system 
is relatively small, it will probably be necessary to add а 
heat exchanger so that the hot 011 coming from the relief valve 
can be cooled before being returnid to the tank. Automatic 
temperature controls can be provided on the tank unit so that 
the oil temperature сап be held at a uniform value. This 15 des- 
irable in applications where repeatability and high degree of 
accuracy are important. FIGURE 5 shows both the relief valve 
venting and heat exchanger components added to one of the cir- 


cuit sketches. 


PRESSURE COMPENSATED PUMPS 

Another method of keeping heat losses down is to цве a 
pressure conpensated variable delivery pump. FIGURE 6 shows a 
circuit diagram using one of these pumps. This unit supplies 
whatever amount of oil may be required by the circuit at the 
pressure setting of the compensator. It 18 good practice to use 
a high pressure safety valve with some of the larger pumps. 

The smaller size pumps respond to changes in flow require- 
ments very quickly and pressure transients due to instantaneous 
changes in servo valve settings are relatively small. In some 
cases, however, the pump response may be slow enough that another 
source of oil may be needed temporarily to maintain system press- 
ure. This can be obtained with an accumulator which stores a 
volume of 011 under pressure and makes 15 available whenever 


system pressure starts to drop. This arrangement has considerable 
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appeal in the higher horsepower applications because the electric 
motor delivers only the amount of power that the system requires. 
When the cylinder is stationery, the pump flow is virtually zero, 
the power drawn from the electric motor is virtually zero, the 


heating of the o11 is low, and overall system efficiency 18 high. 


MORE THAN ONE VALVE ОМ А MACHINE 

When there is more than one servo valve оп a machine, it is 
usually desirable from the cost standpoint to operate them from 
the same hydraulic power unit. If two valves аге to be «аба! the 
simplest arrangement would use a double shaft extension motor with 
a| single or double pump at each end depending upon the type of 
valve used. This provides complete circuit isolation and is the 
tien arrangement. Another combination that can be used to ad- 
vantage where two and especially where more than two valves are 
used is shown in FIGURE 7. Here a pressure compensated pump is 
used for the supply pressure sections of all valves and a separate 
fixed displacement pump 13 used for the control pressure lines of 
all pumps. Efficiency is good with this arrangement and the heat 


dissipation problems are min zed. 


ELIMINATING LURCHING AT START, UP 

The second stage spool of the servo valve might drift to any 
position while the system 1з turned off. At start up oil might 
be ported to either cylinder port "A" or port "B" until the con- 


trol pressure brings the valve under control. This can sometimes 
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Cause a small lurch or jump in the actuator at start up. Опе 
way to avoid this 18s to assure that the control pressure is 
applied to the valve first. Separate pumps driven by separate 
motors would be the one way of doing this. А more convenient 
way would be to use a sequence valve as shown in FIGURE 8. Here 
no oil reaches the supply circuit until the control pressure cir- 


cuit 1s up to operating presuure. 


VELOCITY SYSTEMS 

Cylinder positioning type systems have been shown in all 
of the examples thus far. Hydraulic motors could have been used 
equally well in place of the cylinders. Motors are also used in 
velocity systems. Here they may be required to run at long in- 
tervals with continuous flow from the power unit at full system 
pressure. Either a pressure compensated pump or a fixed dis- 
placement pump with a heat exchanger must be used in a velocity 
system. Sometimes a small heat exchanger will be needed even 


with a pressure compensated pump. 


SEPARATE POWER UNIT FOR USE WITH SERVO PUMPS 

The servo valve on a servo pump must be furnished with a 
source of oil. While there is a temptation to drive this con- 
trol pressure pump with the same motor that drives the servo 
pump, it is generally best practice to use a separate power unit 
entirely. This allows the pump displacement control circuit to 
be started first and assure that the pump stroking mechanism is 


under proper control before the main power system 18 turned оп. 
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This power unit сап be small, inexpensive, and located at any О 


convenient, point. 


CONCLUSION 
| This discussion has suggested some of the things that should 
be kept in mind when planning a hydraulic power unit for a servo 
system. Тһе power unit 1з the largest single item іп the system, 
it represents a fair percentage of the total cost, and its perfor- 
mance has a direct influence on how well the system operates. 

Best total servo system performance will be obtained when the 
power unit delivers oil to the servo valve responsively, at a 


uniform temperature, and as free as possible from pressure changes 


апа pulses. 
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Basic circuit Figure 1 
single and two | 
Stage valves 
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Double shaft extension Figure 2 
tor - 2 separate pumps 
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Figure 4 
Single pump and 
reducing valve 
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Venting the relief valve Figure 5 
Use of heat exchanger 
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Pressure compensated Figure 6 
pump 
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@ More than one servo Figure 7 
, valve on a machine | 
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Use of a sequence valve Figure B 
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CARE OF A SERVO SYSTEM 


A. PRELIMINARY PROCEDURES 





RESERVOIR PREPARATION PRIOR TO INSTALLATION 


General Requirements: ‘When installing a reservoir ina 
hydraulic system, it is necessary that it be cleaned thoroughly, 
to insure it is reasonably free from scale and all kinds of foreign 


matter. 


1. 


Тһе following measures may be taken to achieve this: 


The inside of the reservoir should be brushed with a 
good bristle brush using a solvent as the cleansing 
agent. (Consult your fluid vendor for compatible 
solvent.) CAUTION: Do not remove the paint from the 
inside of the reservoir. Remove residue of solvent 
with filtered shop air. Install new end cover gaskets. 
Install a 200 mesh screen in the filler pipe and an 
adequate breather cap to seal out the dirt. Mount the 
reservoir on a sturdy and levei base. Locate reservoir 
so that it can be cleaned. Check to insure that means 
are provided for sealing around the outside diameters 
ОБ all lines entering and leaving the reservoir. 


Tubing, pipes, and fittings should be prepared according 
to Vickers Application Data Sheet М-1221-5, "Preparation 
of Pipes, Tubes, and Fittings Before Installation in a 
Hydraulic System". 


Install 10 micron full flow filters in the hydraulic 
supply lines to the valve (main supply and control 
pressure if used). 


В. FLUSHING PROCEDURES 





l. 


Fill the reservoir with fluid maintaining an air space 
above surface of oil. (All fluid added to reservoir 
must be filtered by a 10 micron filter.) 


The system, to include the reservoir, tubing, valves, 
filter, actuator, and servo valve manifold (with a 
flushing plate in lieu of the servo valve) is now ready 
for flushing. 
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The use of the servo valve flushing plate allows the 
fluid to flow from the pressure line to the manifold and 
directly back to the reservoir. This allows the fluid 

to recirculate and flush the system, trapping the foreign 
particles in the filter media. The filter element should 
be inspected periodically (1 or 2 hours) during the 
flushing period to insure that it has not become clogged 
and the bypass’ has not opened. Changing of the filter 
element is necessary when it has indications of becoming 
clogged. Тһе period of flushing depends upon the overall 
system configuration and system contaminant level. When 
sampling of the filter media indicates that little or no 
additional contaminants are present, install a new filter 
element, remove the flushing plate and install the servo 
valve. CAUTION: Do not over-torque servo valve mounting 
bolts. Replenish any lost oil to the reservoir. 


C. PLANNED MAINTENANCE 


After the system is operational it now becomes very important 
that measures are taken to prevent contaminants from entering the 


system. 


1. 


Contaminants sources can be built in contaminants, sand, 
weld metal chips, and textile lint. Most of these can 
be removed by following the preliminary flushing pro- 
cedures, 


Generated contaminants - the wearing of parts and migra- 
tion of particles of elastomers and gaskets used in 
sealing, caused by moving parts. 


Contaminants may be introduced into the system through 
fluid filler pipes, breather caps, openings around pipes, 
and tubes entering the reservoir. A defective shaft seal 
on an internally drailned pump may take in air and con- 
taminants. (This condition is more severe with a poor 
inlet condition.) Piston rods of actuators may allow 
contaminants to enter the rod side of the cylinder and 
by adding replenishing fluid that is contaminated to the 
reservoir. 


Products of fluid decomposition - sludges, varnishes, 

acids, and tars can form due to a chemical reaction taking 
place. These lchanged are due to water, heat, air, and 
pressure as well as the mixing of different types of fluids. 


О 
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PERIODIC OBSERVATIONS 


* 


1. 


Wear particles can be trapped by installing and having 
periodic attention to filters. (Preferably 10 micron 
full flow.) The frequency of changing filters after 
operation is generally three months or 500 hours or more 
often if necessary. 


Contaminants introduced into the system can be minimized 

by maintaining good housekeeping practices, such as 

filter all fluid added to the reservoir through a 10 micron 
filter. Keep the tops of the reservoir free from dirt and 
other fluids. Maintain adequate sealing around lines enter- 
ing the reservoir. 


Breakdown of the fluid can be curtailed by maintaining a 
recommended operating temperature and prevent inter-mixing 
of the hydraulic fluids with cutting oils, water, and 
other fluids. 


Check shaft and coupling alignment.  Mis-alignment, in some 
cases, can cause side loading of shaft bearings and shaft 
seals which can allow contaminants to enter the system. 


In a dusty environment it may be necessary to install a 
boot on rods of cylinders as a preventive measure to seal 
out contaminants from entering the system through a worn 
rod wiper. 
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TROUBLE SHOOTING 


SERVO SYSTEMS 


їп recent years many industries have begun to use servo соп- 
trolled machines. Applications exist in such fields as food 
packaging, paper making, steel making and machine tools, to mention 
a few. 


One of the problems involved in switching from manually con- 
trolled or semi-automatic machines to fully automatic or programmed 
machines is manpower. These machines, which may be controlled by 
signals from punched cards, punched tape, magnetic tape or similar 
inputs, require the services of engineers, plumbers, machine repair- 
men, electricians, etc., in various phases of installation, start-up 
and maintenance. Men in these different fields found that they had 
to move from their own specialties inte an area of understanding in 
the related trades in order to install and service the automatic 
machines adequately. Servo controlled or electro-hydraulically 
operated machines require the integration of electronics, hydraulics, 
and mechanics at least. 


We will be concerned primarily with problems connected with 
initial set-up and trouble shooting in systems using Vickers building 
block components, but what applies here will also apply to апу 
electro-hydraulic system. 


The most difficult task involved in solving a system problem 
is to determine the actual cause. The diagnosis must determine 
whether thr trouble is caused by an electronic, mechanical, hydraulic 
malfunction or a combination of these. 


— 


I. TERMINOLOGY: 


А. Аз an aid to our understanding of the procedures to 
follow, a list of the more commonly used terms follows: 


1. Command Signal - input signal which tells the 
machine what to do. 


2. Feedback Signal - signal from the output motion 
which is brought back for comparison to the 
input to determine compliance. 


3. Feedback Transducers - devices at the controlled 
output which send back a signal to the input. 
May be potentiometer, tachometer, generators, 
synchros, etc. 
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Amplifier - an electronic, magnetic or semi- 
conductor device to increase signal strength 
to a usable level. 


Servo Actuator - controlled hydraulic motor or 
cylinder which powers the load. 


Servo Valve – an electro-hydraulic device which 
controls oil flow to an actuator determining 
speed and direction of output motion. 


Torque-Motor - an electro-mechanical device which 
converts electrical energy to mechanical movement 
which is proportional to the electrical energy 
received. 


Various control components have characteristics and functions 
that affect the operation of any system. How well they per- 

form determines the accuracy of the entire system, so a look 

at what these things are and where they might be troublesome 

will be of help. 


l. 


Gain - may be defined as the amount of increase 
that a signal, either from a command or feedback 
source receives as it passes through a control 
system ог control element. 





Balance ~ electrical and mechanical 


(a) Electrical - adjustment of amplifier 
cohtrols so that with no command signal 
the amplifier output will be null. 


(b) Mechanical - adjustment of the physical 
position of the servo valve parts so that 
with no electrical signal received there 
will be no oil flow or output to the load. 


Dither - a high frequency, small amplitude A.C. 
signal superimposed on the D.C. control signal 
to reduce deadband caused by static friction. 


Viscous Dampening - a control element (variable 
cross line orifice) built into the servo valve 
manifold to diminish the system's natural tendency 
to over-correct. 


О 
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ТТ.  ADJUSTMENTS: 


А. 


Amplifier Gain Adjustment 


1. 


2. 


Too low - 


Q 
(a) Response time flow or sluggish 
(b) Positional accuracy poor 


Too high - 


(a) System unstable 
(b) Тепдепсү to oscillation 


Observation of response can often be made without instrumen- 


tation. 


If instrumentation is available, output response 


may be compared with a step signal input by means of a brush 
type recorder or oscilloscope. Response should not lag too 
much nor should there be overshoot or a hunting condition as 
the output follows the input. Gain should be as high as 
possible without causing instability. 


B. 


Feedback Gain Adjustment – if used 


1. 


Allows use of one amplifier with output transducers 
which provide various amounts of feedback signal 
strength. 


Too low - results similar to low amplifier gain. 


Too high - results similar to high amplifier gain. 


Amplifier-Electrical Balance if not correct - 


1. 


2% 


3. 


May limit system response to only one direction or 


agen 


to different maximum outputs in opposite directions. 


Has a tendency to drift causing poor speed control 
or positioning inaccuracies. 


May be caused by changing or replacing any components 
affecting the electrical system. 


Servo Valve or Mechanical Balance - 


1. 


2. 


Should Be Done 


(a) After system is up to operating temperature. 
(Parts expansion can cause null shift.) 


(b) After electrical balance has been established. 


(c) Open-loop, i.e., with feedback signals dis- 
connected. 


Results in no output motion of actuator. 
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E. Dither - е 


1. Not required in all systems but is advantageous for 
all systems. 


2. Decreases "dead-band" and by making system respond 
to small input signals increases output accuracy 
and repeatability. 


3. Too little dither causes erratic action. 


4. Too much dither causes system to lack response and 
have low power at a given positioning point. Also 
causes undue wear of the moving parts. 


5. Should керт be great enough to be sensed at the 
output, either motor or cylinder. 


III. CONSIDERATIONS: 


A. Whenever a servo system malfunctions, there are several 
points to check: 


1, Dirt in adiacens system 

2. Backlash in feedback device š 
3. . Loose ст i © 
4. Mechanical bind 

5. Machine compliance 

6. Defective actuators 

7. Mis-alignment of shafts to transducers 

8. Inquisitive employees turning knobs, etc. 

9. Defective tachometers, synchros, resolvers, etc. - 

10. Low voltage 

11. Heat in electrical and hydraulic components 

12. Non-linearity іп transducers 


13. Electrical noise from relays, etc. 


The greatest difficulty in trouble shooting a servo system is 

to diagnose the fault properly. Time spent in considering the 
symptoms can avoid a large amount of unnecessary labor in 
tearing things apart. The difficulty may be electrical, hydrau- 
lic or mechanical. 


А 
Minimum equipment would Бе а volt-ohm-meter (МОМ) or vacuum cubs 
volt meter (VTVM) for checking the various signals, and pressure | 
gauges for checking the hydraulic system. In high performance 
Systems, recorders of the brush type or oscilloscopes may be 
needed to get visual indication of performance. 
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IV. GENERAL OBSERVATIONS: 


A. 


The following points may be checked in determining diffi- 
culty in a "won't operate" situation. 


i. 15 command signal correct for desired output 
action? 


2. 18 amplifier output to torque motor correct 
for the command input in magnitude and polarity? 


3. If wiring to various components correct and com- 
plete? (Loose connections, broken wires, etc.) 


4. Check supply pressure and control pressure. See 
that all manually operated valves are properly set. 


5. Check that pressures in the lines between servo 
valve and actuator are equal. (Balanced actuator 
and valve at null.) 


6. Check for mechanical bind in machine. 


7. Check for excessive leakage: 


(a) From motor drain. 
(b) Blow-by past cups or rings of piston 
in cylinder. 


The following points may be checked in systems with inter- 
mittent difficulties: 


1. Dirt in hydraulic system 
2. Check for proper amount of dither 


3. Check all mechanical drives for bind or backlash 
in transducers 


4. Check programming signal for intermittent output 
during machine operation 


5. Check amplifier output as in previous step 


6. Check feedback devices for brush lift or other 
interruptions in output 


7. Check wiring for opens or shorts which might be 
intermittent, due to vibrations or temperature 
changes Ба 


8. Check for dirt in servo valve. This is last because 
it requires dismantling the valve and is time con- 
suming. It also increases possibility of introduc- 
ing contaminants to the system. 


While there is no one difficulty that will cause a particular 
faulty action, and consequently no one particular cure, the 
following suggestions should be of assistance in trouble shoot- 
ing a servo system. 
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V. TROUBLE SHOOTING SPECIFIC COMPONENTS: 





А. Pump 


1. No oil flow from pump 


(a) Improper drive shaft rotation 
(b) Broken drive shaft 

(c) Oil level in reservoir too low 
(а) Improper assembly 

(e) Loose coupling 


B. Excessive Noise 
1. Cavitation Occuring (Continuous metallic growl) 


(a) Dirty or clogged intake strainers 
(b) Restricted inlet line 
(c) Excessive drive speed 


2. Aeration Occuring (Sporadic gurgling) 


{а} Oil level too low 

(D) Loose intake connection 

(c) Defective shaft seal 

(d) Return lines above oil level 





3. Misalignment 


(a) Drive shaft misaligned 

(b) Defective coupling 

(c) Mounting surface deflected 
(d) Loose mountings 


4. NO Pressure 


(a) Badly worn pump 
(b) Loss of füll pump delivery through 
faulty pressure control 


C. Pressure Control - Relief Valve 
1. Erratic Pressure 


(a) Worn piston or seat in cover 
(b) Piston in mats body sticking 
(c) GA ed fluid 


2. Little ог No Pressure 


(a) veht connection open 
(b) Small balance hole in main piston blocked 
| (c) Piston in top cover not seating 
(d) Main piston binding in body or cover ч € 
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(D 3. Noise or Chatter 


(a) 
(b) 
(c) 


Faulty or worn piston or seat in cover 
Long vent line used without a restriction 
Interaction with another pressure control 
(pressure settings too close). 


D. Pressure Control - Pressure Reducing Valve 


1. Erratic Pressure 


(a) 
(b) 
(c) 
(d) 


Contaminated fluid 

Worn piston or seat in top cover 
Valve spool binding in body 
Drain line restricted 


E. Servo Valve and System 


1. No movement at the load with an apparent change in 


the command device 


(a) 
(b) 


Insufficient control pressure (two-stage valve). 
Improper manifolding-ports biocked or connected 
incorrectly. 

Servo valve mounting bolts over-torqued 

causing spool bind. Е 
Electrical - no output from amplifier 

Torque motor inoperative 

Contaminated fluid 


2. Load movement in only one direction 


(a) 
(b) 
(c) 


(d) 


Spool not centered 

Ampiifier not balanced 

Flow port blocked, improper manifolding or 
connected improperly 

Pilot spool not centered (two-stage valve) 


3. Movement of load in both directions, maximum velocity 
in only one direction 


(a) 
(b) 
(c) 
(d) 


(e) 


Torque motor misaligned^— 

Amplifier out of balance 

Pilot spool not centered (two-stage valve) 
Main sleeve too far out of adjustment (two- 
stage valve) 

Contamination 


4.  Erratic load movement 


(a) 
(b) 
(c) 


Тр (а) 


Contamination 

Torque motor misaligned 

Servo valve mounting bolts over-torqued 
Erratic input signal or intermittent 
electrical connection 


(а) 


(b) 
(c) 
(d) 
(e) 
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Uncontrolled load movement 


Amplifier or signal source defective or 
inoperatiye 

Torque motor defective or inoperative 

Servo valve mounting bolts over-torqued 

Torque motor misaligned 

Insufficient control pressure (two-stage valve) 


Load moves in wrong or opposite direction 


(a) 
(b) 


Torque motor wiring incorrect 
Amplifier, signal source current polarity, 
ок feedback wiring incorrect 


No response with change in command signals 


(a) 
(b) 


(c) 


(d) 
(е) 


(Two-stage valve) Insufficient control pressure 
(Initial start-up)  Improper manifolding or not 

piped correctly 

Servo valve mounting bolts over-torqued causing 

distortion 

No output from amplifier 

Torque motor inoperative 


Servo valve goes hard over 


(a) 


Feedback phasing improper 





О 
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FIGURE NO 17 


STORKE ADJUST COVERS 

A cartridge valve with stroke adjust cover is used to provide flow 
regulation and directional control in a single unit. Flow 
regulation is obtained by limiting the travel or stroke of the main 


poppet. In this way an adjustable throttle or variable orifice is 


created. 


The throttle opening is set by the position of a pin which extends 
into the insert spring chamber. The pin forms a stop for poppet 
opening. the arrangement of parts with standard screw and locknut 


adjustment is shown below. à 


ws 
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PILOT INTERFACE Cover PILOT INTERFACE COVER 
16 THRU 40мм SIZES 50 AND 63MM SIZES 





Figure No. 18 


COVERS WITH PILOT VALVE INTERFACE 

Covets with а pilot directional valve interface are available in all 
sizes except. Тһе 16, 25 and 4@mm covers have ап МЕРА 0-91 face for 
mounting a DG4V-3 pilot valve. The 58 and 63mm covers have a 0-92 


face which takes а 06454-01 valve. 


Note that the 16, 25 and 4Zmm covers connect auxiliary port 2 with 
the insert spring chamber while the 50 and 63mm covers connect the 
Z2 port with the spring chamber. This is due to the difference in | 


the pilot valve port patterns. They are shown in the top views. 
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Figure No. 19 


In this figure the cartridge valve covers are shown schematically 
with pilot directional valves mounted on top. Either single or 
double solenoid valves can be used. The damping orifices shown 
circled comes installed in the covers. The other indicated orifices 


may be installed if needed. 


Pilot pressure at the X port is connected in the cover to the P port 
of the directional valve. Тһе T port is connected to Y which is a 
drain passage. Auxillary ports Zl and/or 22 may be connected in the 
manifold to other valve pilots to provide simultaneous operation of 
more than one cartridge valve with one pilot valve. 

The schematic of the 16, 25 and 40mm valves shows the pilot valve in 
the spring-offset position. Pilot pressure from the X port is 
transmitted through the pilot valve (P to A) to the insert spring 
chamber thereby holding the cartridge valve closed. When the 
solenoid is energized, the spring chamber is drained through the 


pilot valve (А to T) to the Y (drain) port and thus the cartridge 


valve opens to allow flow in either direction. 
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VALVE [RESPONSE 

Valve|response, the timing and rate of opening or closing of the 
main valve poppet, is a function of the damping orfice size and the 
system pressures applied to the "a", "B", and pilot pressure ports 
of the valve. In most cases the standard orifice supplied in the 
cover will give satisfactory valve response. If needed, critical 
machine functions can be optimized or tuned by changing the 
appropiate damping orifice БИ to modify valve response. Larger 
orifices give faster response (and less damping); smaller orifices 
give Slower valve action. Orifice plug kits include several size 
orifices plus a blank plug. The use of orifices smaller than 8.8mm 
(.932 in.) diameter is not recommended for most hydraulic systems 


due to possible clogging by system contamination. 


Adjustable 
throttles valves 









A moduler block maybe used with a directional valve cover to provide 


an adjustable response of the main poppet. 
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SHUTTLE VALVE 





FIGURE NO 21 SHUTTLE VALVE COVERS (Standard) 
A shuttle valve cover takes the higher of two pilot pressures and 
directs it to pilot spring area AP. А schematic diagram of the 
shuttle valve is shown here. Тһе X port and the Y port feed fluid 
to each end of the shuttle., The spring chamber (area AP) is 
connected to the center section of the shuttle. Тһе Z2 port is 


also connected to the center section of the shuttle. 


А seat is pressed into the cover bore and а ball is inserted. Тһе 


outer plug is then threaded into the cover. The shuttle valve ball 


seat which prevents flow between AP and Y is machined on the end of 


the outer plug. Ап "О" ring and back-up ring located on the plug, 
prevent leakage between the AP and Y port areas; another "O" ring 


prevents external leakage. 


о, 
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igure No.22 


When the system requires an on/off valve with flow capabilities in 
either direction a shuttle cover with directional valve interface 


may be used as shown in this figure. 


When the solenoid is de-energized, the highest pressure in port X or 
Y is| transmitted through the shuttle valve to the poppet spring 
area, Thus the valve will close whether А and B are at equal or 
unequal pressures because the spring force added to the higher of 
the À or B pressures will overcome the A and B pressures trying to 


open the valve, 
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FIGURE NO. 22 (cont'd) 


Energize the solenoid and the poppet spring chamber is drained. Мом 
fluid can travel in either direction as long as it has enough energy 


to overcome the spring holding the poppet closed. 


To convert this circuit from "normally closed" to "normally open" 
replace the right hand spring offset valve with a left hand model. 


This will change the spring offset path from P - A to P - B. 
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FIGURE МО. 23 SHUTTLE VALVE COVERS WITH МЕРА-О01 INTERFACE 


A shuttle valve with a directional valve mounted on its NFPA-DOl 
interface expands a basic check valve to a check/on/off device. 
Shuttle covers are available in the 25, and 45mm sizes. They are 
not available in the 50 and 63mm sizes. Two configurations of the 
shuttle valve are available, type 1 and type 2. Тһе difference 
between the two is an assembly change which picks up the Z2 port 
from a different location in the cover. The change from one 
assembly configuration to the other is made by exchanging the 
location of a solid plug. This plug is not visible without removing 


external plugs from the cover. 
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FIGURE NO 24 PILOT OPERATED CHECK COVER 


The pilot operated cartridge check valve can be applied in much the 


same manner as other pilot operated checks. Three pilot ports are 


used: 


1. The X port is drilled in the manifold to the pilot signal. 

2. The Y port is drilled in the manifold to connect with the B port 
of the insert kit. 

3. Тһе 21 port is connected to a drain line. When there is no X 
pilot signal to the valve, we have a simple check valve. Flow 
can pass from А to B if the pressure in the A port is greater 
than the sum of the pressure in the B port plus the spring 


force. Flow is blocked from B to A. 
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FIGURE NO. 24 (cont'd) 


When, sufficient pilot pressure is applied to the X port, the piston 
moves, lifting the check valve ball from its seat. This drains 
pilot spring area AP and closed the passage between area AP and Y. 
If the A port is pressurized, flow will pass from A to B regardless 
of the area ratio of the insert kit.If B port is pressurized, flow 
will pass from B to A providing the area insert kit ratio is 1:1.1 


to 1:2. 


The Cartridge valve B port is connected to Y. When flow reverses, 
pressure is applied to Y from the B port and removed from X. Тһе 
spring then shifts the check valve VM which blocks the passage to 
the 21 port and the AP area is pressurized preventing the cartridge 
valve from opening.The pilot piston has an area 3.4 times the seat 
area of the check valve. This means that when system pressure is 
3.4 times the pilot pressure, the pilot piston and ball are in 


pressure balance, 


Make| sure a pressure greater than one third (1/3) of system pressure 
is available for use as pilot pressure. The maximum allowable pilot 
pressure is 5000 PSI. 

| 
The pilot operated check valve is available in the l6mm, 25mm and 


Адпт sizes. 
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FIGURE NO. 25 PILOT OPERATED CHECK VALVE 
-A L 


It is important to remember that the 3.4:1 pressure ratio of pilot 
pressure to system pressure is in effect not only when the pilot 
valve ball is to be unseated but also when the pilot signal is 
removed to allow the ball to re-seat. This pressure relationship 
can cause a problem as is shown in this circuit. The designer of 
the circuit intended that the cartridge poppet would open B to A 


when pilot pressure from a separate source is applied to the pilot 


operated check via the X port. Closing the poppet was to be done by 


venting the pilot pressure relief valve. 


The first operation, opening B to A, worked OK. However, when the 
relief valve was vented, the cartridge valve poppet did not close 


because the system pressure acting on the small ball area was not 


high enough to overcome the relief valve vent pressure acting on the 


larger (3.4:1) pilot piston area.The following figure shows one 


solution to this problem. 


Раде 36 








FIGURE NO. 26 





The fix was to use a directional valve to apply or drain the pilot 
pressure. Тһе tank port of the directional valve was connected to 
drain so the pilot pressure at the pilot piston did go to zero, 

allowing system pressure to close the cartridge valve,returning the 


main system to full operation. 
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Single-solenoid valves 


(T Figure No.27 


This figure shows how the cylinder in the four cartridge circuit can 


be operated regeneratively without adding more solenoids. Simply 


replace the three-position, double solenoid pilot valve with two, 
two-position, single solenoid valves. When the two solenoids are 


energized simultaneously the cylinder will operate in a regenerative 


manner. 
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Figure No. 28 


Add just two more two-position, single solenoid valves to create an 
independent-control circuit. |Operating each cartridge valve with a 
scegli valve creates the equivalent of a sixteen-position spool 
valve. This arrangement enables each cartridge to be controlled 
independently, allowing a smooth transition from one operating 


рһазе to the next. 
| 
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FIGURE NO.29 CARTRIDGE RELIEF VALVE 


A cartridge relief valve performs in the same manner as the 
traditional type relief valve. It is a two-stage or compound relief 
valve. In the traditional relief valve, the pilot sensing port isa 
.040 inch hoile through the spool. Іп the cartridge relief the 
pilot sensing line is taken through the manifold, around the main 


stage, then through a .040 orifice in the cover. 


Note the three pilot connections from the manifold to the cover. X 
is the pilot pressure connection. У is the drain connection. 218 


the vent connection. 
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FIGURE NO. 29 (cont'd) 


Flow through the main stage is from А to B. Therefore, the X pilot 





port is connected to the А port. Тһе Y is the drain connection. 2 
is tle vent connection. Flow through the main stage is from A to 
B. Therefore, the X pilot port is connected to the А port. The Y 
port may be connected to B ок to an external drain. Just as in 
traditional relief valves, any back pressure in the drain port will 


add directly to the setting of the valve. 
The Z port may be drilled in the manifold to connect to a vent 
control or a remote pressure pilot. If it is not needed, it is 


simply not drilled in the manifold. 


The recommemded maximum flow for each valve size is: 





SIZE FLOW 
L/MIN орм 
16mm 160 42 
25mm 400 185 
46mm 7002 185 


These flow rates are based оп 4 bar pressuredrop with valve 


unloaded, 


Three pressure ranges are available. The maximum pressure is 
changed by changing the spring in the pilot section. The main stage 
spring remains the same in all cases, By changing the pilot Soins. 
we chnachieve a maximum setting of 125 bar, 245 bar, or 350 

| 


bar(1800, 3500, or 5000Р5І respectively). 














Ө 
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FIGURE NO. 29 (cont'd) 


PRINCIPLES OF OPERATION 
The pressure setting of the valve is determined by the position of 


the adjusting screw which varies the spring compression. 


In normal operation, the B port is connected to tank. Тһе А and X 
ports are interconnected within the manifold. System pressure is 


present at А. 


The system pressure at the A port is fed to the X port and 
communicated through the control orifice into area AP. Area AP is 
located directly above the cartridge insert poppet. This allows the 
cartridge insert poppet to be in hyeraulic balance and held against 
its seat by а light spring. Note: Тһе orifice located in the АР 
area feed passage is used to slow reaction time of the spool and 


this prevents instability. 


When system pressure at A exceeds the cover spring setting it forces 
the pilot poppet away from its seat. Fluid will flow through the 
control orifice, across the poppet and through the Y port to tank. 
Flow through the control orifice develops a pressure drop that 
subtracts from system pressure. The orifice pressure drop prevents 
pressure in the AP area from rising above the pilot poppet cracking 
pressure. When system pressure at the A port exceeds the pressure | 
of the AP area sufficiently, the cartridge poppet will lift and 


throttle fluid from A to B, This limits system pressure at A. 
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FIGURE NO. 29 (cont'd) 


VENT [FUNCTION 











Venting the valve by opening the AP area to tank will permit flow to 


occuilr from А to Bat a pressure of approximately 5 bar. 


| 


Note: 





Vent pressure is limited only by the light spring of the 
cartridge poppet plus any back pressure present in the vent line. 


The AP area is connected internally within the cover to the Z port. 
| | 





Opening the Z port to tank vents the valve. 
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VENTING THE RELIEF VALVE 
The picture shows how a solenoid valve can be used to vent a 


cartridge relief valve. 


The spring-offset, single solenoid directional valve is bolted onto 
the interface of the cartridge valve cover. When the solenoid is 
de-energized, the relief valve is vented to tank thru the solenoid 
valve's P and B ports. When the solenoid is energized the P port is 
blocked causing the cartridge relief valve to return to its pre-set 


pressure. 
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FIG ЈЕ NO. 31 DUAL PRESSURE SETTINGS PLUS VENTING 

In this arrangement, a spring centered directional valve controls 
two relief valve pilot stages to provide two different relief 
pressures. Also, when the solenoids are de-energized, the relief 
valvé is vented to tank. Тһе Z port is a remote vent connection. 


Block the Z port if the remote vent feature is not used. 


The high pressure setting is controlled by the pilot valve located 
in the cartridge valve interface cover and the low pressure setting 
is controlled by the module sandwiched between the directional valve 
and the cover interface. At least a 10.3 bar (150 PSI) spread is 


required between the high and low pressure setting to prevent 





oscillation between the two pressure Bettings. 
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FIGURE NO. 32 ELECTRICALLY MODULATED RELIEF VALVE 


The cartridge valve interface cover accommodates the CGE-02-*-29 
electrically modulated relief valve. This valve can be remotely 
controlled by a micro-computer or a regulated power supply with 

— m voltage and current control. As current increases, 
pressure drop across the ОЗЕ valve increases. This will cause the 
System pressure to increase proportional to current change up to the 
manually set pressure of the cartridge relief valve. That's because 


the pressure drop across the CGE valve cannot exceed the manual 


о 


pressure setting of the cartridge valve. 
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FIGURE NO. 33 PRESSURE REDUCING VALVE 


The pressure reducing valve in the cartridge valve family operates 
in much the same manner as the traditional type of pressure reducing 
valve. Even its construction is similar. It на а pilot stage 
which consists of an adjusting screw, spring, poppet, and seat with 
integral flow control to limit flow through trhe pilot stage. It 
has à main stage which consists of a sliding spool, spring offset to 


the open position. Flow direction is only one way, from port B to 





port A. 
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FIGURE NO. 33  (cont'd) 


In operation, the А port is connected to the load and the B port is 
connected to the pressure source The B and X ports are 
interconnected within the manifold. System pressure at B is fed to 
the X port and communicated through a pressure compensated flow 
control into area AP. This flow control in the cover limits flow 
to the pilot stage. Тһе flow control spring and spool act as a 
hydrostat to control a variable orifice which holds a constant 


pressure drop across the fixed orifice. 


Thus, there is а constant flow thru the pilot stage regardless of 


main system pressure at B port during the reducing valve operation. 


The main stage spool is spring loaded to the open position with 
equal pressure at the top and bottom of the spool until load 
pressure increases to the pilot stage setting. With the pilot 
stage limiting the pressure at the top of the main stage spool and 
load pressure rising to equal the spring force plus the pressure on 
top of the spool, the spool will move up restricting the flow to the 
load. Thus, the maximum pressure at the load will be the pilot 


stage setting plus the spool spring force. 


The valve can be vented by opening the 21 port. 


Раде 48 





*A' PORT PASSAGE 










HIT о ш 
ui i 


'P' PORT PASSAGE 


— 
€— ae TEM FLOW CONTROL 
вх ^^ 
| CARTRIDGE INTERFACE 
m | COVER 
gr. РА 
" Fori! | 71 PORT INTERNAL 
OW | i. === | CONNECTION 
pressure— I 
control Тж Р 
ШС. = 
High | pera 
pressure t «е ! Ш Ok 
control | лы 
ых 
= 


[^ 





FIGURE NO. 34 PRESSURE REDUCING VALVE WITH HIGH AND LOW ADJUSTABLE 
к ALAS ABLE 


eee) BY ELECTRICAL SELECTION 
= 


In this valve assembly a left hand, spring offset directional valve 
controls two reducing valve heads and provides two different reduced 


pressures. 


The highest pressure setting is controlled by the pilot valve 
locatéd in the cartridge valve interface cover and the low pressure 
setting is controlled by the module sandwiched between the 


directional valve and the cover interface. When the directional 





valve із in the spring offset condition (solenoid de-energized), 
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FIGURE NO. 34  (cont'd) 


the high pressure setting is active. Provide at least 10.3 bar (150 
PSI) spread between the high and low pressure settings to prevent 
oscillation between the two pressures.Use a standard spring offset 
valve (offset P to A) to have the low pressure setting functional in 
the spring offset condition. ТЕ a standard valve is used, check 
installation dimensions to make sure a physical problem does not 
exist. Тһе standard valve's solenoid will be directed away from the 


adjuster mechanism. 
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CARTRIDGE INSERT 





FIGURE NO. 35°ELECTRICALLY MODULATED PRESSURE REDUCING VALVE 
—— s MODULATED PRESSURE REDUCING VALVE 
FUNCTION 


The cartridge valve interface cover accommodates the CGE-02- *—20 
electrically modulated relief valve. This valve can be remotely 
controlled by a micro-computer or a regulated Power supply with 
appropriate voltage and curren- control. As current increases, 
pressure drop across the ССЕ vàlve increases. This will cause the 
pressure reducing valve pressure to follow the CGE valve. The 
maximum setting of the cartridge valve is limited by the setting of 


the manual adjuster located in the cartridge valve section. 
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@ FIGURE NO. 36 FLOW CONTROL VALVES 


Flow control valves fall into two basic categories: pressure 
compensated and non-pressure compensated. The latter are used where 
load pressures remain relatively constant and feed rates are not 
critical. They may be as simple as a fixed orifice or ап adjustable 


needle valve, 


А cartridge valve with stroke adjustment cover and notched metering 
poppet provides non-pressure compensated control of flow rates in a 
manner similar to a needle valve. However, the cartridge valve has 
the additional feature of being able to be turned on or off without 


changing the throttle setting. 
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FIGURE NO. 36 (cont'd) 


The stroke adjustment cover contains a pin which extends into the 
cartridge spring chamber. The pin forms a stop to limit the 
distance the poppet can move off its seat. Тһе pin position is 
adjusted by a screw which itself is available in four 
configurations; plain screw adjustment, screw adjustment with cap, 


micrometer knob, and micrometer knob with key lock. 


To indicate that the cover has the adjustable stroke feature the 
graphical symbol includes a rectangle to show manual operation and 


an аџком to show adjustability. 


To provide good control of the flow through a cartridge valve the 
stroke adjustment cover should be used in combination with а 
companion poppet. Designed for use with a standard 1:2 area ratio 
insert, the poppet has a v-notched skirt which has better metering 
characteristics than a standard poppet. Тһе trade-off to this is a 
substantial reduction in the flow rate at 5 bar differential 


pressure. 
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FIGURE NO. 37 METER IN CIRCUIT 
— —  — ee eee 





Here is an application of the stroke adjustment cover with v-notched 
metering poppet. It controls the speed of the piston by metering 
the flow of oil into the cap-end of the cylinder. This is a non- 


pressure compensated meter-in system. 


If the piston is to control an overhauling load it is necessary to 
limit the flow rate of the oil leaving the rod-end of the cylinder. 
To do that, put the stroke adjustment cover on valve number 4 
instead of valve number 2. Also, install a shuttle valve іп the 
supply line to the solenoid valve. Connect the shuttle valve to 
both the rod-end port of the cylinder and to the pump. This assures 


enough pressure to keep valve 3 closed when the piston is extending. 
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BY-PASS TYPE FLOW CONTROL 
DALL 


For more accurate control of flow rates, pressure compensated flow 


contrbls may be constructed from standard cartridge valve 


components. 
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FIGURE NO. 38 BY-PASS ТҮРЕ FLOW CONTROL 
А by-pass type flow control holds the adjusted flow rate constant by 
keeping the differential pressure across the throttle constant 


regardless of load pressure, 


Pressure compensation in a cartridge type, by-pass flow control 
system is provided by a 1:1 area ratio poppet and standard cover as 


shown in this figure. Тһе flow through the throttle in the 





cartridge valve that has a stroke adjustment cover and 1:2 
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FIGURE №. 38 (cont'd) 


throttling poppet generates a pressure drop. This pressure drop is 
sensed across the 1:1 insert at the A and X ports of the pressure 
coompensator. When the pressure drop equals 2.5 bar (the spring 
force level) the poppet opens and by-passes excess oil from the pump 
to tank. An increase in load on the cylinder would increase the 
pressure at the X port. This raises the pressure level upstream of 
the throttle an equal amount thereby holding constant the pressure 
drop across the throttle and thus holding constant the flow thru the 
valve. 

$ 


Pressure at the pump will be 2.5 bar higher than load pressure, No. 


maximum pressure limit is provided by this type of flow control. 


The next figure shows how to limit the maximum pressure. 


x 
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E NO. 39 







Throttle 








Pressure . . 
Compensator 
and Relief 





Maximum pressure limitation in a by-pass type,pressure compensated 
flow control can be provided by replacing the standared cover of the 
1:1 insert pressure compensator valve with a relief valve cover. 

The pilot relief valve will limit pressure in the AP area of the 
poppelt whether it is on the load side of the throttle or on the pump 
side. When the throttle insert is closed, pilot flow would be from 
A port through the orifice in the X passage and over the pilot 
relief valve thereby limiting the maximum system pressure. If the 


throtitle is open and the cylinder is moving, the load pressure plus 





throttle valve restriction pressure establishes the system О 


pressure. 
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Іп either condition flow through the pilot passage із from the А 
port through the X port to the connection of the load sensing 
passage downstream of the throttle. This flow would cause the 
cylinder Ео creep if the throttle was closed with the cylinder 
Piston creep can be elimintaed by installing a spring offset 
directional valve in the load sensing line to prevent flow when the 


throttle poppet is closed. 


The by-pass type flow control and relief valve provides accurate 
flow control plus it saves horsepower because pump pressure is never 


more than 2.5 bar over load pressure. 
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FIGURE NO. 41 RESTRICTOR TYPE FLOW CONTROL | 


When à reducing valve insert with standard cover is installed in 
series with the 1:2 metering cartridge with stroke adjustment cover 
to act as а compensator; the PANI difference across the metering 
poppet (throttle) is held constant. (The pressure difference is 
determined by the spring force in the reducing valve). Тһе flow 
rate through the throttle will therefore be held constant. The flow 
rate through the throttle may be changed by varying the stroke 


adjusking screw position. 
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FIGURE NO. 42 


The pressure difference across the throttle of the restrictor type 
flow control may be varied by replacing the standard cover used with 
the reducing insert, with a reducing valve cover. Тһе drain port 
(Y) of the reducing cover must be connected downstream from the 
throttle in order to sense the load pressure. Тһе pressure drop 
across the throttle is now determined by the setting of the reducing 
cover pilot stage plus the spring value of the reducing insert. Тһе 
flow rate through the valve may now be adjusted by varying the 
reducing cover spring setting and/or the setting of the stroke 
limiter. Increasing the reducing cover spring force provides higher 
flow capability of the throttle. Тһе restrictor type flow control 


may be used in meter-in, meter-out or bleed-off circuits. 





Sensing Line System 
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Pilot Relief Valve 
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FIGURE NO. 43 FLOW CONTROL AND REDUCING VALVE 


The cártridge restrictor type flow control may also be used to limit 
the maximum pressure downstream from the throttle by the addition of 
a pilot relief valve. The flow control operates the same as in 
figure 40, except that the relief valve now limits the maximum 
pressure in the spring chamber of the reducing insert, thereby 
allowing the valve to operate as both a flow control and a pressure 


reducing valve when applied as a meter-in valve. 
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FIGURE NO. 43 (cont'd) 


Remember that unlike the standard resistor flow control valve, the 
cartridge version is also used as one of the flow paths of a 
directional valve. When the throttle cartridge is piloted closed to 
block flow to the actuator, it is possible for the actuator to creep 
due to pilot flow in the load sensing line. Across the throttle 
there exists a pressure difference due to the higher pressure at the 
inlet of the compensator protion of the valve. There will still be 
a small flow (determined by the pressure compensated flow control in 


the reducing cover) across the reducing cover pilot stage and into 


the actuator, 
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FIGURE NO. 44 







pss 
| 
Б = -~ Throttle 
Reducing | | | 
Сомег | шз | 
| Load 
ЕЕ [Load __ 
+ 
= | 


Sensing Line 


Pressure 
Compensator 


To prevent this unwanted flow, a spring offset directional valve may 
be inBtalled in the load sensing line between the reducing cover and 


the outlet port of the throttle cartridge valve as shown in this 
figure. 














КА | 
Раде 63 


The spool is hydraulically balanced by means of a drilled passage 
which connects the A port area to the annulus area on the top of the 
spool. A spring biases the spool to the closed position and so the 


solenoid force only has to overcome the spring force. 


MODEL 
CVU-16-EF 
(18mm) 


B-t 





FIGURE 45 


The solenoid is used with a closed loop electronic control whereby 
an input signal continuously opens the valve until the reguired 
amount of opening is achieved, when the LVDT feedback signal 
coincides with the input signal. Тһе valve opening is therefore 
proportional to the solenoid input signal. In its basic form, the 
valve is non-pressure compensated, but may be incorporated with a 
hydrostat or flow sensor as shown in the flow control circuits in 


this section by replacement of the throttle stroke adjust cover and 


insert. 


| раде 64 


Larger cartridge sizes use a two stage arrangement as shown in 





figure 46. In this case the proportional solenoid acts directly on € 
a sprüng loaded pilot spool. А pilot flow is taken from the inlet 
(A) port of the valve and is bled to tank via the port that connects 


to the top of the main poppet. 






| 
= Р ruportional 
Solenoid 





*Pilot control port "x" must be connected 
ciractiy:ta the main Ро кА”. Сопы Бу 
any extemal pressure source ів not 
permitted. 


FIGURE 46 





With zero signal to the solenoid, the spring pushes the pilot spool 
to the fully up position, This blocks the pilot bleed flow so full 
inlet port pressure is applied to the top of the main poppet. With 
the |запе pressure top and bottom of the main poppet, its, spring 
pusHes it to the fully closed position. As a signal із applied to 


the solenoid, the pilot spool moves down. This opens up a bleed 6? 





path for the pilot flow and reduces the pressure 





=. 
раде 65 i 


Т on the top of the main poppet. This pressure drop causes the poppet 
to lift, opening the main flow path through the valve until the 
feedback signal from the position sensor coincides with the input 
Signal to the solenoid. The valve then reaches a steady state 
position at an opening determined by the input signal. 

The pilot supply for the valve must be taken directly from the A 
port, and be a minimum pressure of 18 bar. 

As with the direct acting version, the valve is non-pressure 
compensated and must be used in conjunction with either a hydrostat 


or flow sensor if pressure compensation is required. 


ELECTRONIC CONTROLLER FOR THROTTLE VALVES 

@ The electronic controller is a unit designed specifically for the 
control of a proportional solenoid valve, with electrical position 
feedback. 


Connection Diagram 
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FIGURE 47 
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Тће command signal can be provided by an external potentiometer, an 
ре. voltage source, or by switching internal relays to select 
any combination of four internal potentiometer settings. With the 
internal pots set at 1, 2, 4, and B volts, up to a total of 16 
discrete (binary code) voltage levels can be selected. 

Adjustable internal ramp potentiometers provide independent control 
of acceleration and deceleration rates within the range of 50 to 350 
ms. 

Minimum response of the stroke sensor and the start-up point of 

the output signal сап be selected by adjusting the "ZERO 


BALANCE"potentiometer. The upper limit of input current can be 


adjusted via the "MAX" potentiometer. 
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PRESSURE CONTROL CIRCUITS 
The circuits in this section are examples of 
pressure control systems. They show the basic 


control for instruction purpose only. Changes 


in circuitry may be required to satisfy all 


requirements of an application. 
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FIGURE NO. 49 UNLOADING 


This high/low circuit shows a typical unloading valve application. 
A 1:1 cartridge with a 2 bar spring and a standard cover is used as 
an unloading valve (Valve #5).A small unloading valve, is used to 
control the operation of the cartridge unloading valve. The 
cylinder is controlled by a typical 4-way cartridge directional 
EI arrangement. Another 1:1 cartridge insert with a 2 bar spring 


is employed as a check valve (Valve #6) to prevent the output of the 


small pump from dumping through the unloading valve. 


During the high flow, low pressure phase of operation, the pressures 





at the A port and on area AP of the unloading valve will be equal 


and the spring will hold the poppet closed. The large volume pump 
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FIGURE NO. 49 (cont'd) 


delivery is directed through the check valve (#6) to join the 
smaller volume pump and extend the cylinder. When the cylinder goes 
into the work cycle where high pressure but low flow is required, 
the pressure rise at the small volume pump outlet is sensed in the 
pilot port of the unloading valve. The unloading valve will be set 
to open approximately 150 PSI above the circuit's low pressure 
requirement. The pressure during the low flow, high pressure phase 
of operation must be high enough to hold the unloading valve pilot 
wide open. This in turn will drain the spring chamber of valve #5 
to tank. With the spring chamber drained to tank the large volume 
pump will work just hard enough to overcome valve #5's spring (2 
bar). The orifices at B and C are used to control the opening and 
closing speeds of their poppets, thereby reducing the possibility of 


hydraulic shock. 


Note that the unloading valve used here is limited to a maximum of 
3000 PSI, This limits the maximum operating pressure of the 
cartridge valve to 3000PSI. A pilot valve which would permit 
operation of the unloading valve at pressures higher than 3000 PSI 
would be a single solenoid, spring-offset directional valve. The 
solenoid would be controlled by a pressure switch sensing the 
pressure at the outlet of the small volume pump. The pressure 
switch would be set at a pressure slightly above the pressure 
requirement of the high volume phase of operation. Іп this manner 
the maximum, 5000 PSI, pressure capability of the cartridge 


valves could be utilized. 
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|SEQUENCE 


Тһе sequence of events in the circuit shown are that the cylinder 
extends before the motor turns. The motor is unidirectional and 
must be stopped while the cylinder is retracting. The 4-way valve 
controlling the cylinder is a standard 4-way cartridge valve 
arrangement. The sequence valve consists of a 1:1 insert with a 2 
bar spring and a relief valve cover which is externally drained thru 


the Y port. 





`x 
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FIGURE NO. 50 (cont'd) UA 


The operation of the sequence valve is as follows: Flow through the 
sequence valve to the motor is from port A to port B. Аз in any 
sequence application, the sequence valve is set higher than the 
pressure needed for the first operation. Іп this circuit a drilled 
passage in the manifold connects the X port of the relief valve 
cover to the А port of the insert. When the cylinder reaches the 
limit of its travel the pressure in the spring chsabsr of the 
sequence valve rises till it reaches the relief valve setting. When 
it exceeds that setting the cartridge valve poppet opens, alloving 
flow to the hydraulic motor. During this phase of the operation the 
sequence valve insures a minimum pressure at the cap end of the 
cylinder - but if the rotating load increases, causing the pressure 
at the inlet of the motor to increase, then pressure at the cap end 


of the cylinder will also increase. The pressure at both actuators 


will be limited by the main system relief valve (not shown). 


The orifice at 'b' is used to control the opening and closing rate 


of the poppet to limit system shock. 





4 
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.COUNTERBALANCE 

/Counkérbalance valves are pressure control valves. They are 

іпс ава іп hydraulic systems іп which back pressure is required to 
=“ а load from falling. А typical counterbalance circuit is 
shown here. This circuit controls the main cylinder of a forming 
press. This type of press has a very heavy platten fastened to the 
piston rod of the down acting cylinder. To prevent the platten from 
falling freely during the "close" portion of the press ayele a 


counterbalance valve is included in the circuit. 
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FIGURE NO. 51 (cont'd) 


Valve $4 has а 1:1 area ratio, a 2-bar spring, a relief valve cover 
and is controlled by a 2-position pilot valve. As shown in the 
drawing the AP area of valve #4 is connected to its A port. It is 
also connected to the pressure port of a pilot relief valve and to 


one of the cylinder ports of a spring offset solenoid valve. 


The pilot relief valve that is connected to #4 should be adjusted so 
that it will open 50 to 100 PSI above the pressure in the rod end of 
the cylinder. With solenoids Sl, S2, and 53 de-energized, all four 
of the cartridge valves will be closed; numbers 1, 2, and 3 by pilot 
pressure, Number 4 will be closed because its 1:1 poppet has the 


same pressure on both sides. Its 2-bar spring holds it closed. 


To raise the platten energize solenoid 51, this opens the AP areas 
of #1 and #3 to tank. 011 from the pump will open #3 and raise the 
platten. 011 exiting the cap end of the cylinder will push open #1 
and go on to tank. Number 2 will stay closed because pilot pressure 
from the pump is still acting on it. Number 4 will stay closed 
because the pressure on its А and AP area, the two areas are equal 
and the 2-bar poppet spring has enough force to hold the poppet on 


its seat. 


To lower the platten energize only solenoid S2. This opens the AP 
area of #2 to tank and holds pilot pressure on both #1 and $3. 011 


from the pump acts on the B area of #2, lifts the poppet off its 
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PIGURE NO. 51 (cont'd) 


seat and flows into the cap end of the cylinder. However, the 
platten will not lower because #4 is still closed and it will stay 
closed until either solenoid 53 is energized or the pilot relief 
valye opens. Тһе weight of the platten plus the force of the oil 
being pumped into the cap end will raise the pressure in the rod end 
until the pilot relief valve opens. Ths oil passing through the 
pilot relief valve must also squeeze through the orifice between the 
А and AP portions of $4. This means that the pressure on the A side 
of the orifice will be higher than that on the AP side. As the flow 
rate through the relief valve increases the pressure differential 


acróss the orifice increases until it becomes large enough (about 2 О) 





Баг) to overcome the spring holding the poppet closed. 011 can now 
flow from the А to B ports of #4 and the platten will lower but not 
at a rate faster than the pump dictates. As long as solenoid S3 is 
not energized, the relief valve will maintain enough pressure on the 


rod end of the cylinder to prevent the platten from falling freely. 


As зооп as the platten reaches the work piece it is necessary to 
remóve the back pressure on the rod end of the cylinder in order to 
exert full force during the pressing operation. This is done by 
energizing solenoid S3. This opens the AP area of valve #4 to 

tank. The only pressure needed to open #4 will now be tna required 


to overcome the poppet spring about 2 bar. 
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FIGURE NO. 52 








ыг ы еы -- 


BRAKE CONTROL CIRCUIT 


The cartridge insert used in the brake valve application employs a 
1:1 ratio metering poppet, a standard cover, and a P type pilot 
pressure control valve which contains a external pilot control. A 
1:2 insert is used to start and stop the motor by permitting or 
blocking fluid flow to the motor. This cartridge is controlled by 
the solenoid controlled directional valve. To start the motor, 
energize the directional valve, this drains the cartridge spring 
chamber to tank permitting pump flow to the motor. The pressure to 
accelerate the motor is communicated to the pilot valve shifting its 
spool and thereby draining the spring chamber of the main stage of 


the brake system, 
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FIGURE МО. 52 (cont'd) 


The main stage poppet is opened by the discharge flow from the 
motor. When the motor is up to full speed the inlet pressure of the 
motor will decrease. However, it із still high enough to keep the 
pilot valve shifted and the metering poppet spring chamber drained 
to tank. The motor then will be driven at the speed determined by 
the pump delivery. 

| 
When the solenoid із de-energized to stop the motor, the cartridge 
valve is piloted closed by the pump pressure in its spring chamber. 
The pressure at the motor inlet will drop to 8 bar, allowing the 
pilot spool to move toward its spring offset position. The inertia 
of the motor load now drives the motor as though it were a pump, 
mu pressure at its outlet to increase. The pressure increase 
at the spring chamber of the metering poppet is limited by the 
relief valve cover which in turn will determine the motor outlet 
pressure. This pressure at the motor discharge port will apply a 
Et force to the motor. The deceleration rate (braking time) 
can be adjusted at the pilot valve. А check valve should be located 
between the motor inlet and the tank to prevent the motor from 


cavitating while decelerating. 
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FIGURE NO. 53 


EXTRUDER 
ШИ] ір 
+" ~ 
(IY ly 


в 
Lb 


SIXTI 


moo] 
LL 










jer __|-|+|-|-| + 
wr. [pepe 


RETRACT BY 
RETRACT BY + 
ROD END FLOW 


A typical injection and extruder control system can be constructed 






by applying the basic circuitry that already has been discussed and 
by adding a few modifications. To control the flow of oil to the 
extruder motor an additional cartridge is added to the four needed 
to operate the injection cylinder. Pilot lines are added to 
cartridge valve 2 so that injection hold and extruder pressures may 


be attained without adding a large valve. 


IDLE 


During idle all solenoids are de-energized and pump flow returns to 





Page 78 


FIGURE NO. 53  (cont'd) С 





tank by venting the system relief valve (not shown). Cartridge 2 is 
allowed to open in case the injection cylinder needs to be 
mechanically retracted. This is done by venting the spring chamber 
thru the open center solenoid valve. Cartridges 3, 4 and 5 are held 
cldsed by the Sumo pressure which is being communicated thru the 
center of the type 7 solenoid valve. The extruder motor remains at 


rest because there is the same pressure in the B port and the spring 


| 
chamber of cartridge valve number 1 
INJECTION 


Solenoid 52 is energized thereby directing pilot pressure from the О 
сар end of the injection cylinder around cartridge 2 to the 

injection pilot relief valve. This establishes the maximum pressure 
during injection. Solenoid 5 is energized opening cartridge valves 

3 and 5. Cartridge valve number 4 remains closed with system 

pressure directed to its spring chamber. Injection cylinder speed 

is controlled by the stroke adjustment cover and 1:2 throttling 


insert, 
HOLD 


After injection, a holding force is required of the cylinder. 
Solenoid 52 is de-energized and S3 is energized, This provides @ 


pilot pressure to the "hold" pilot pressure relief valve which 


limits the cylinder pressure during the hold period. 
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FIGURE МО. 53 (cont'd) 
RETRACT BY EXTRUDER MOTOR 


After the "Hold" phase, solenoid 53 is de-energized and 52 
energized, directing cylinder cap-end pressure to the extruder pilot 
pressure valve. 55 is de-energized closing cartridges 3 and 4. The 
check valve in the pilot line of cartridge valve 5 is closed by 
system pressure. Solenoid 51 is energized thereby directing pump 
flow to the extruder motor. The flow rate is limited by the stroke 
adjustment cover setting.. Energizing Sl also allowed the drain 
line of the extruder pilot relief valve to be connected to tank. 
While the extruder motor runs, the plastic forces the cylinder to 
retract. The cap-end flow must pass thru cartridge valve 2 at the 
pressure setting of the extruder pilot pressure valve. As the rod 
end pressure drops below atmospheric pressure, the spring chamber 
pressure in valve 5 also decreases. The B port pressure is 
atmospheric causing the valve to open and oil to flow into the rod 


end. 


RETRACT BY ROD END FLOW 
Å- 


This operation is required for set up and troubleshooting. By 
energizing S4, cartridges 1, 3 and 5 are closed, and 2 and 4 are 


open. The cylinder retracts hydraulically. 
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FIGURE NO. 54 
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Many injection molding machines incorporate a hydraulic interlock 
system to prevent the clamp from cloosing as long as the gate is 
open. This circuit shows that such an interlock can be built by 
adding two shuttle valves, two check valves and a gate-operated 


directional valve to a standard cartridge valve circuit. 


Аз drawn, the gate is closed and the clamp cylinder can be operated 
in either direction and stopped. However, opening the gate drains 

the AP area of valve 4, allowing it to open if a pressure above the 
spring force is present at the cap end of the cylinder. Also, if 51 
чеге energized flow from the pump would not be able to open valve £3 
because oil at the same pressure would be in its AP area through the 


BEN valve and the gate valve.  Energizing S2 will direct pump 





flow into the rod end of the clamp cylinder and allow oil to leave - 


the cap end, thereby opening the clamp. 





@ 
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FIGURE NO. 55 
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63mm Stroke Adjust Cover 
63mm insert 1:2 


(5) To Shot Cylinder 


This figure show part of the hydraulic circuit for the shot cylinder 
of a die casting machine. In die casting machines it is very 
important that the shot is made at consistantly high speeds. One 
way to meet this requirement is to use an accumulator in combination 
with a cartridge valve which can be opened quickly but always at the 


3ame speed. 


The required large flow rates are supplied by the accumulator 
circuit. The rate of flow is controlled by a 63mm, 1:2 insert with 
Stroke adjustment cover. An opening rate of 10 milliseconds 
requires an instantaneous flow rate of approximately 60 GPM out of 
the AP area, To handle such a large flow requires a 25mm, 1:2 


damping insert, cartridge valve as the pilot valve. 
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FIGURE NO. 55 (cont'd) 


Orifices in both cartridge valve covers, plus a meter-out circuit in 
the| 25mm pilot line provide control of the opening and closing times 
of ithe main 63mm poppet. The pilot operated check valve is opened 
by energizing the solenoid on the spring offset two-position 
directional control valve. This directs oil from the pump, not the 
Е атал to open the pilot operated check valve and thus the 
pump must be operating to open the main cartridge and start the shot 


cylinder movement. 














v^ 
ж” 
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FIGURE NO. 56 


This agricultural combine hydraulic system includes two closed loop 
circuits. Тһе left side of the circuit operates the traction motors 
and the right side of the circuit drives the header. 

A special feature of this circuit is that the output of the header 
drive pump can be added to the traction System to provide higher 


speeds for over-the-road operation. 
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FIGURE NO. 56 (cont'd) 


During the harvesting operations the directional valve is de- 
energized, allowing each system to operate independently.. When 
higher speed, over-the-road travel is required, the solenoid is 
energized, shjifting the обі to close cartridge valves 2 апа 4 апа 
open valve 1 and 3. Тһе four check valves ensure that the highest 
system pressure is always available to keep the proper cartridge 
valves closed. Тһе speed and direction of operation of the traction 
drive is controlled by the yoke positions of the two pumps. 

In addition to the components shown in this circuit, it is necessary 
. to have charge pumps and their associated relief and replenishing 


valves, 


CAUTION: If the solenoid valve is shifted while either the traction 
motor or the header motor is operating, high hydraulic shock loads 


may occur. 
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FIGURE NO. 57 





Traction Drive Header Drive 


Here is a КЕНЕТ transmission system in which one pump drives 
two independent motors. It is part of a hydraulic system on an 
oilfield exploration vehicle. The Revolver turns the drill and the 
Winch raises and lowers the drill and casing in the ground. The 
two motors never operate at the same time so only one pump with 
appropriate control valve is necessary to power the two motors. 

The two l6mm valves direct supercharge oil to the low pressure 
branch of the loop. Main system relief is provided by the two 40mm, 
1:1 cartridge valves, The three check valves затрје both brranches 
of the loop as well as the "raise" side of the winch motor. This 
arrangement ensures that control pressure is available whenever it 


is necessary, whether or not the pump is running. 
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FIGURE NO. 58 
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Plate shears 


SOLENOID CHART 51 52 
CYCLE: 1. Clamp cylinder extension x x 
| 2. Shear cylinder extension x х 
3. Shear cylinder retraction о о 
| 4. Clamp cylinder retraction о о 
VALYE FUNCTION SETTING 
1 Pressure reducing 188 bar 
2 Sequence 50 bar 
3 Check (remote pilot) -- 
4 Сһеск -- 
5 СһесК -- 
6 Relief 300 bar 
7 Relief . 200 Бак 
Operation 1 - Clamp Extension 6) 


Solenoids 51 and S2 are energized.  Solenoid valve S2 shifts to 


block the pilot chamber of cartridge 6 producing the relief valve 





Ө 
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FIGURE NO. 58 (cont'd) 


function of the cartridge. The shifting of solenoid 51 connects the 
AP area to the A port of cartridge 5, creating a check valve 


function, 


The pressure in line P builds to the pressure required to overcome 
the spring of cartridge 4. Cartridge 4 opens allowing pump flow to 
be ported to the clamping cylinders at a pressure of 5 bar. Valve 2 
remains closed because pressure at its A port has not reached its 
cover setting of 50 bar. Тһе pressure in line P also acts on area 
AP of valve 3 as well as on area A4 of the shear cylinder. The area 
ratio between АЈ and А4 on the two cylinders is 1:4. (Each cylinder 
has a 2:1 area ratio). Therefore, the pressure at point А is 1/4 of 
the pressure at area AP of cartridge 3. Thus, valve 3 is closed. 


The clamp cylinders extend without shear cylinder motion. 


Operation 2 - Shear Cylinder Extension 


After the clamping cylinders have engaged the plate, the pressure in 
line P will increase to 50 bar at which time the Sequence valve, 
cartridge number 2, will open. Flow is directed to the cylinder 
through cartridge 2, causing the cylinder to extend. The 
accumulator at the cylinder outlet is sized to hold the entire 
displacement of shear cylinder area A4 at a pressure of 150 to 180 


bar. 


The cylinder extends fully, engaging and cutting the plate. Тһе 


pressure rised to the relief valve setting of 300 bar. 
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PIGURE NO. 58 (cont'd) 


In сазе the fluid leaving the shear cylinder is unable to raise the 
accumulator pressure to 180 bar, fluid from the pump is available. 
Valve number 1, the pressure reducing valve, limits the 

accumulator pressure to 180 bar. This arrangement insures the 


accumulator is filled for the return function. 


Operation 3 - Cylinder Return 


Solenoid 2 is de-energized unloading relief valve 6. The pump 
pressure drops to approximately 4 bar. With pressure at its А port 


down to 4 bar, the poppet spring in valve 2 is able to reseat the 


poppet. 


E accumulator exerts a pressure of 180 Баг on area A4 of the 


sh 


ar cylinder. This pressure equates to 45 bar on area Al of the 
cylinder, However, cartridge 3 has only 4 bar on area AP and 

therefore only requires 8 bar plus the pressure needed to overcome 
the spring to open. Cartridge 3 opens allowing the volume from АЈ 


of the cyulinder to be ported to tank. 


Operation 4 ~ Clamp Release 


When the shear cylinder reaches the end of the cutting stroke the 


pump pressure rises to 390 bar. This pressure is also transmitted 


to the clamping cylinders through cartridge 4. 














— 
J 
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FIGURE NO 58  (cont'd) 


With equal pressures on each side of cartridge 4 the spring forces 
the valve closed. When the pump unloads, cartridge 5 remains closed 
because the same pressure is acting on unequal area, the larger 


being the AP area. 


то allow retraction of the clamp cylinder solenoid Sl is de- 
energized. Area AP of valve 5 is connected to tank allowing oil 
from the cylinder to be ported to tank at a pressure adequate to 


overcome the cartridge spring force. 


It looks аз though the clamp could be released simply by allowing 
its oil to drain to tank via the system relief valve, which is 
vented at this time. Won't work very well! The springs in the 
clamp can develop a pressure of only 5 bar. Thats not much pressure 
to shove oil through the vented relief valve, especially since it is 


already handling all the oil coming from the pump. 


Valve 7, which is set at 200 bar, limits pressure in the accumulator 


circuit. The needle valve allows bleed down of the accumulator. 
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FIGURE NO. 59 








PRESS - Figure 1 


А simple press circuit is shown in figure 59, Drawing 1. Тһе 
| 

cylinder has an 8:1 aeration and contains a prefill valve on its 
| 


сар епа. 
А variable displacement pump is used to supply oil to the cylinder. 


Valye number 4 is a relief valve (area ratio 1:1) set at 300 bar. 


When solenoid S4 is de-energized the relief valve vents at 


approximately 4 bar. 
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FIGURE NO. 59 (cont'd) 


Valve (1) is a back pressure valve which provides a resistance of 25 
bar as long as solenoid 51 is de-energized. This pressure is 
sufficient to prevent the piston from falling when no pressure is 
applied to the head end of the cylinder. When solenoid S1 is 
energized the rod end is connected to tank at a low pressure; just 


sufficient to overcome the poppet spring in the cartridge valve. 


PRESS OPERATION 


SOLENOID OPERATION 


1. Free Fall t o о 

2. Decelerate and Slow 2 + + 
айуапсе 

3. Press at maximum force * * * 

4. Return ° ° + 


Operation 1 - Ғгее Fall 


The pump is unloaded through cartridge 4.  Solenoid 51 is energized 
connecting the rod end of the cylinder to tank, allowing the mass to 
fall. The prefill valve opens supplying oil to the cap end of the 


cylinder during descent. 


Operation 2 - Deceleration and Slow Extension 


Solenoid Sl is de-energized creating a back pressure of 25 bar on 
the cylinder. This is sufficient to stop the piston. Note the time 


required to stop the mass is inversely proportional to the valve 


setting. 
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FIGURE NO. 59 (cont'd) Ө 
| 





Solenoid S2 is energized opening cartridge 3 and closing cartridge 


2: 


Solenoid S4 is energized changing cartridge 4 from an unloading to a 


relief function, in other words, de-venting the relief valve, 


Oil is pumped to the cap end of the cylinder causing the piston to 


extend, 


Solenoid 51 remains de~energized directing oil from the rod end to 


tank at 25 Баг. 


Operation 3 - Press 


When the piston engages the part being formed, the pump pressure 


builds to the relief valve setting of 388 bar. 
| 
| 


| 
Solenoid Sl is energized to relieve the back pressure on the piston 


thereby allowing maximum press force, 


Operation 4 - Return 


Solenoid S4 remains energized to keep the relief valve de-vented. 





Solenoid 51 is de-energized to create a back pressure on the rod end e 


of the cylinder. 
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FIGURE NO. 59 (cont'd) 


Solenoid 52 is de-energized causing valve 3 to close апа valve 2 to 


ореп. 


911 is ported over valve 2 at а pressure sufficient to raise the 


mass (less than 25 bar in this press). 


When the pilot area of cartridge 3 is pressurized the pilot area of 
the prefill check valve is also pressurized allowing oil to return 


to the tank from the cap end of the cylinder. 
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PRESS-Figure 2 








Improved control of the piston descent operation is obtained y 


adding several valves to the circuit, 


Added Valves Fünction 
|15 Throttle for fast descent 
6 Limits maximum pressure in rod end of 


cylinder to 320 bar. 
7 Throttle for slow descent. 


8 Directional control. 


Operations (descent only) 


Ec Ена OPERATION 


з1 | 82 
1. Fast descent + + | ' 
2. Slow descent о + 





3. Stop о о 





Ф 
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FIGURE NO. 60  (cont'd) 


Operation l - Fast Descent 
— . Pa € A E 


Both solenoids (51 and 58) аге energized allowing cartridges 1 and 3 


to open. 


Return flow from the cylinder passes through throttle 5, 


Plow from the throttle passes through cartridge 1. Some oil may 
also pass through throttle 7 and over cartridge 8, each of which is 


piped in parallel to cartridge 1. 


Qperation 2 - Slow Descent 


Solenoid 51 is de-energized allowing flow to pass over cartridge 1, 


only at pressures greater than 25 bar. 


After a short deceleration the piston Speed stabilizes. Flow passes 
through throttles 5 and 7 and over cartridge 8. Cartridge 8 is open 


to tank because solenoid 8 is energized, 


Operation 3 - Stop 


To stop the piston, solenoid S8 is de-energized. This closes 


cartridge 8. Cartridge 8 blocks the return flow from the cylinder 


ànd also blocks the pilot relief drain connection from cartridge 1. 
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FIGURE NO. 69 (cont'd) 





With no place for the fluid to go, the piston stops. Although 
relief valve 5 is set at 322 bar, the weight of the piston and 


platen creates only 25 bar. 

















(0 
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@..... number 9 provides an additional means of stopping the dounward 


moving platten. 


When solenoid S9 is de-energized, cartridge 9 acts as a check valve 


blocking all return flow from the cylinder. 


When solenoid S9 is energized, valve 9 opens, allowing the function 


described in drawings 1 and 2. 


Note that electrical position sensors have been added to valves 1, 
8, and 9. They can be connected to indicators at the operators 
control station to provide information on whether these valvesw are 


9pen or dclosed or somewhere in between. 
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РТСУВЕ МО. 59 PRESS-Figure 3 
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PRESS-Figure 4 


Up to this point valving has been added to the outlet of the rod end 


of the cylinder to establish smoother operation of the press. 


When fluid is supplied to the cap end of the cylinder the piston 
will move downward and the oil from the rod end will be forced over 
relief valve 6 which is set at 320 bar. Since the cylinder area 


ratio is 8:1 and the mai; relief valve is set at 300 bar, only 38 
| 
bar would be required оп the cap end. 


| | 
То alleviate this highly undesirable possibility, solenoid valve 510 

| | 
is added. Three check valves are also added to complete the € 


circuit. 
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FIGURE NO. 62 (cont'd) 


Press or Slow Extension: 
еее Ow Ox*tension: 


During normal operation solenoid valve $19 functions as follous: 


Retraction: 


Solenoid S10 is energized porting oil to valve 58.  Solenoid 58 is 
de-energized during this phase. Flow from the relief pilot is 
blocked by check valve C3 and area АР of cartridge valve 8. The 
relief valve 4 is not unloaded.  Solenoid S10 is de-energized.  Flov 
is ported to solenoid valve S9. During this phase, solenoid S9 is 
energized blocking the pilot flow from the relief valve at check 


valve Cl. 


If a malfunction in either the "Press" or "Slow Extension" phase is 
detected by the position sensors on valves 1, В, or 9, solenoid 59 
Will de-energize, thereby venting the relief valve. This limits the 
pressure in the cap end of the cylinder to 2 bar, Therefore the 


piston stops its travel. 






CARTRIDGE VALVE TRAINING PROGRAM 


INTRODUCTION 
Cartridge valves are now being applied on shears, heavy presses, 
agricultural machinery, injection molding machines, cranes. etc., 
because they provide improved hydraulic system performance at 


competitive cost. 


The use of cartridge vavles as flow, pressure, and directional 
controls is a recent and rapidly growing phenomenon. Cartridge 
valves offer a number of advantages over the traditional sliding 


spool types of control valves: 


- low internal leakage means improved control and higher system 
efficiency. 


- fast response allows higher production rates. 
- less plumbing cuts maintenance costa. 
- high flow and pressure capability reduces system size. 


- easy control of poppet shift velocity eliminates hydrauli- 
shock. 


The objective of this cartridge valve training program text is to 
enable experienced hydraulic sales and service personal to 


understand how cartridge valves operate in hydraulic systems. 
VICKERS INC. 


TECHNICAL TRAINING CENTER 


PREPARED BY...FRED HINES 


Rev. 10/25/85 
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BASIC CARTRIDGE VALVE 
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X port 






Control part or 
pilot operator 


Cartridge or 








К П E m 9 working part 
mili 
|| ТҚ 
В рон МУ 







= 
S 


Manifold 
body 


FIGUIRE NO 1 


A cartridge valve is a two-port poppet valve kit inserted in a 


manifold. 


A typical valve consists of a sleeve, poppet and spring 


inserted into a manifold. Тһе poppet moves within the sleeve to 


control flow through the valve. 


manifold by a cover which contains a pilot flow passage. 


The insert parts are held in the 


O rings 


and backup rings seal the cover and insert at the manifold bore. 
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FIGURE NO 2 


A cartridge valve graphical symbol depicts the areas of the poppet 
which are active at each port. Pressure applied to either of the 
main ports exerts a force on the poppet to move it off its seat, 
T. flow throught the valve. If pressure is applied to the АР 
^ a force is exerted to help the spring close the valve. 

The most common area ratio is 1:2. Тһе areas being compared in this 


ratio are the pressure area of the А port to the AP area. 
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FORCE = PRESSURE X AREA 
Force To Close 
Pilot Pressure X AP Area 


Spring Force 
Sum of Closing Forces 


Force to Open 


“Аз Port Pressure X Area 
“В” Port Pressure X Area 
Sum of Opening Forces 





FIGURE NO 3 


The insert kit may be thought of as the main stage of a two-stage 
valve. it has two main flow ports, А and B. It is spring off-set 
зо that А and B are both normally closed. The poppet has an area 


labeled AP (area of pilot), against which pilot pressure can act. 


The А port area is the circular area defined by the seat. The AP 
area is the circular area defined by the outside diameter of the 


poppet. 


Раде 6 
FIGURE NO. 3 (cont'd) 
The B area is the annular area between the seat and the O.D. of the 
poppet. Note that the AP area is always equal to the sum of the A 


area and the B area. 


Тһе forces which hold the valve closed are the pressure acting оп 





Еле AP area plus the spring force. Тһе opening forces аге the 
pressures in the A and В ports. 


Three different springs are available with each insert kit. Рог the 





1:2 insert, the springs cause poppet cracking pressures of either 


| 
6.5 





, 2.5 ос 5.0 bar. (In english ШШ thats approximately 7, 37, 
or 74 psi because 1 bar = 14.5 psi.). 

| 
For example, when the medium spring is used and there is no pressure 
in B or on AP, it will take 2.5 bar in the A port before any flow 
«ul pass from А to B. Since the area ratio is 1:2 and the area of 
А plus the area of B equals the AP area, the B area is equal to the 
А area. Тһе cracking pressure when flow is from B to A will be the 


| . 
same as when the flow is from А to В, 


If the sum of the closing forces is greater than the sum of the 
opehing forces the poppet is closed. ТЕ the sum of the opening 
tortes is greater than the sum of the closing forces the poppet is 


орећ. 
| 
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1:2 AREA RATIO 1:1.1 AREA RATIO 1:1 AREA RATIO 1:2 AREA RATIO 
WITH DAMPING INSERT 


FIGURE NO. 4 


Figure 4 shows the construction of various types of insert kits. 
Three different area ratios are shown. Note that both the nose of 
the poppet and the sleeve seat change configuration with each 
different area ratio. The poppet on the left-hand side which has an 
area ratio of 1:2, has a chamfered nose, and the sleeve has a sharp 
edged seat. If we move on to the 1:1 area ratio, the poppet itself 
is square-cornered at the bottom while the sleeve is chamfered where 


the poppet comes in contact with it. This makes the sleeves non- 


interchangeable among the poppet area ratios. 





Figüre No. 4 (cont'd) 
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The 1:1:1 area ratio has a chamfer on the poppet, but it is a much 





smaller chamfer than that on 


the 1:2 area poppet and the seat 





diadeter in the sleeve is larger. This means there is a relatively 


The area amounts to on 


x 


act 


E area of the poppet on which the pressure in the B port can 


ly 10% of the А port area. 


то the right is а 1:2 area ratio with а damping poppet. This poppet 


seat area is the same as the 


, 1:2 standard poppet, However, the nose 


of је poppet has been extended and a V notch cut in it to provide 


flow metering. This poppet 


devices as we'll see later. 


is generally used in flow control 


The size of insert assemblies vary from 


16тћ to 63mm. This covers а flow range of 46 gal./min. to 658 


gal/min. 


The size designation corresponds to the diameter of the main port 


passage in the manifold (in| 





mm). 





The pressure rating of the inserts and covers із 5000 PSI. 
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FIGURE NO. 5 


Figure 5 shows a sectional view of a standard cover and also shows 
the symbol for a complete cartridge valve. Note the orifice in the 
drilled passage between the X port and the AP area. The purpose of 
this orifice is to reduce the.speed at which the valve opens and 
closes. A variety of orifice sizes is available so that the 


hydraulic system designer can select the one which will provide 


maximum operating speeds without hydraulic shock. 
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Poppet cracking pressures with pressure 
applied to' A' port, "AP" area drained. 





FIGURE NO. 6 





To be able to design or troubleshoot a circuit incorporating 

| 
cartridge valves it is essential that you know the answer to one 
m important question: Ном much pressure does it take to move the 


| 
poppet? Sounds easy? Well, it is. 





Just remember the number 3. “There are three areas for the pressure 
to act on; A, В, and AP. 

There are three available springs; light, medium, and heavy. 

a 


e are three available area rations; 1:1, 1:1.1 and 1:2. 


Pighre 6 shows how much pressure it takes at the A port to start to 


open the valve when there is no pressure at both the B.and the AP 
| 


B ні 


Note that no pressures are shown for the light and medium springs in 
the 1:1 valve. That's because only the heavy spring is supplied 


with that valve. 
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Poppet cracking pressures with pressure 
applied to ° B' роп. “АР” area drained, 


SPRING ARE 
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Figure No. 7 


Figure no 7 shows the pressures required at the B port to lift the 
poppet. That's with no pressure at the А or AP areas. The 1:1 
poppet on the chart lists no pressure because the 1:1 poppet has no 
surface area for pressure at the B port to push against. Therefore, 


lifting pressure can only come from the A area in the 1:1 valve. 


Note that in the 1:2 area valve the cracking pressures at the B port 
are the same as those at the А port. That's because the А and B 


areas are equal. 


Further note that if you go back to the formula for determining 
whether the poppet is open or closed, the combined areas of the A 
and B ports and the pressures at them will equal the sum of the 


forces on the AP area plus the spring force. 
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FIGURE №. 8 


їп this circuit we are supplying flow to a cylinder through a 
cartridge valve which is open because we have drained the spring 
chamber of the cartridge valve mn a directional valve. The 
only force trying to close the valve is the spring force. If the 
system pressure is higher than 2.5 bar the valve will open. Assume 
that it takes 50 bar to move the cylinder. This means that there T 
50 bhr оп the A area and 50 on the B area and zero on the АР area. 


The valve is wide open. 
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FIGURE NO. 8  (cont'd) 


The calculations are: (Assume АР = 2, А=1, and в = 1) 


Closing Force 


Spring force (Medium Spring) 2.5 bar 
AP area x pressure = 2 х 0 bar = @ bar 
2.5 bar 


Opening Force 


A area х pressure = lx 50 bar = 58 bar 
B area x pressure = 1 x 50 bar = 50 bar 
100 bar 


Net force is 97.5 bar, There for opening the valve. 


If the insert kit has a 1:1.1 area ratio, the calculations of 
closing and opening forces is as follows: 


Closing Force 


Spring force (Medium spring) 1.4 bar 
AP area x pressure = 1.1 x б bar = g bar 
1.4 bar 


Opening Force 


А area x pressure- 1 x 58 bar = 50 bar 
B area х pressure = 0.1 x 50 bar = 5 bar 
55 bar 


Net force is 53.6 bar, There for opening the valve. 


Quiz 





Given the following 
closed? 


В. 


с. 





Area ratio 
Spring 

А port pressure 
B п и 

X H" " 


Area ratio 
Spring 

A port pressure 
B n Moe 





X н n 
Area ratio 
Spring 

A port pressure 
в н " 


x n" " 
| 


Area ratio 


Spring _ 

А port pressure 
B it т 

x " " 





parameters, will the valve be open or 
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Pressure drop/flow data (typical) Flow rate l/min & СРМ . 
Perlormances are based on minaral oit at 25 cSt and at 50°С. PSI 


< Pressure drop [bar] 


p [bar] 





« Pressure dro, 


FIGURE NO. 9 
These curves show the pressure drop thru the valve with the poppet 
fully open. There are additional pressure drops within the manifold 


in which the valve is inserted. 


To use these curves to find pressure drops at flows greater than 
those shown, divide the desired flow in half, read the pressure drop 
at half flow, multiply the pressure drop by 4 and you have the 


approximate pressure drop at the desired flow. 


For instance, if you want to determine the pressure drop through a 
l6mm 1:2 valve at 200 lpm, read 1.9 bar at 100 lpm. Then multiply 


1.9 times 4 to get 7.6 bar, pressure drop at 200 lpm. 
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0 75 100 125 150 
Flow Rate, L/Min. 


Area Ratio 1:2 


FIGURE NO. 10 





When а 1:2 ок 1:1.1 cartridge valve is applied as a check valve it 
is necessary to connect the AP chamber to the B port. If we don't 
do [this then any pressure at the B port greater than 2.5 bar ona 
1:2 valve or 17 bar on a 1:1.1 valve will open the valve. Asa 
check valve we want it to open only when there is pressure at the A 


port. Otherwise it should be closed. 
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FIGURE NO. 16 (cont'd) 


There is а slight penalty in connecting the B port to the АР 
chamber. Pressure at the B port adds to the spring force to resist 
flow through the valve. Fortunately this penalty is never more than 
the pressure caused by the spring (2.5 bar in the example shown in 
figure number 10) and then it disappears entirely when the pressure 
drop due to flow forces (figure 9) equals or exceeds the spring 


pressure. 


The example in figure number 10 shows a load which requires a 


pressure of 50 bar. 


The pressure gage shows the load pressure plus the pressure drop 
through the valve. At 100 liters per minute the curve indicates 
that ,with the medium spring, the pressure drop will be slightly 
more than 3 Бас: At 150 lpm the pressure drop due to flow forces is 
higher than the spring force and so there is no pressure drop 


penalty for connecting the B port to the AP chamber. 
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FIGURE NO 11 


You might conclude that you could get rid of all pressure loss 
penalties in check valve jee niet by connecting the cylinder to 
the А port instead of the B port. It is not that simple because if 
you do connect the load to the A port you might well be trading 
pressure drop for load drop. With the cap end of the cylinder 

к! тр to the А port, which in turn is connected to the X port, 


the cylinder load pressure will probably be high enough to force oil 


past the radial clearance between the poppet O.D. and the insert 


I.Dj and on through the B port to tank. Although the valve would © 
remain closed the load would, contrary to the system designers 
| 


wishes, slowly decend. 
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FIGURE NO. 12 


This sketch shows the correct port selection for using the cartridge 


valve as a check valve. 


The cartridge has been turned so that the load is being supported on 
the B area. The X port of the cover has been connected to the B 
port, allowing the load pressure to be brought into the AP area. At 
this time the A port will be connected to tank. Fluid from the cap 
end of the cylinder is blocked by the metal-to-metal seal of the 
poppet on its seat. Having the same pressure on the B and AP areas, 


gives equal pressure across the poppet land and therefore no leakage 


occurs and the load stays in position. 
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FIGURE NO. 13 Q 





Four-way directional control valves, by definition, provide four 
flow paths, two at a time. One application of a four-way valve is 
to extend, retract, and stop the piston of a double acting 
мт Figure 13, 14, and 15 show how cartridge valves can be 


installed to operate together as a single four-way valve. 


Figure 13 shows a circuit in which the piston will extend when the 


AP areas of both inserts are connected to tank. 





Connecting supply pressure to the X port of the cap-end cartridge 


valye will stop the piston. 
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FIGURE NO.14 


To retract the cylinder the pump output must be directed to the rod 
end while the cap end is connected to tank. Опе pair of cartridge 


valves will provide these flow paths. Тһе X ports are open to tank 


at this time, 













Vaive open to 
direct rod-end 


alve open flow to tank 
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Figure No. 15 


This circuit drawing shows the four cartridge valves from the two 

previous figures piloted by one double-solenoid spring centered С) 
spool valve. Pilot pressure is.obtained by teeing off the main 

system pressure line and is applied to each cartridge pilot chamber 

when the pilot valve solenoids are de-energized, Тһе pilot chambers 

of E ccridges l and 3 are interconnected, as are the pilot chambers 

of cartridges 2 and 4, so that the valves in each pair open or close 

simultaneously. This is essentially а closed-center circuit becauce 

all four cartridges are closed when the pilot valve solenoids are 


de-energized. 


Energizing solenoid 5-1 drains the pilot connections of cartridges 2 
| 
and 4 while maintaining pilot pressure on cartridges l and 3. 
System pressure acting over the B area of cartridge 2 forces the 


valve open, directing pump flow to he cap end of the cylinder, 
| 
| 


Кыш -— 
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FIGURE NO. 15 (cont'd) 

Return flow from the cylinder rod end passes to the tank over 
cartridge 4 when rod-end pressure is high enough to overcome the 
spring acting against the cartridge valve poppet. Тһе piston of the 
cylinder moves to the right. Energizing solenoid 5-2 produces the 


opposite movement. 


With a small pilot directional valve you are able to control large 
main system flows and get three distinct positions as shown at the 
righ-hand side of the drawing. ТЕ shows the parallel paths, the 
crossed arrow paths, and a center condition. Note that in the 
center condition a check valve is shown in each cylinder port line. 
This is done to indicate that when neither solenoid is energized an 
external force pushing on the piston rod could cause valve #2 to 
open. Such will happen when the cylinder cap-end pressure exceeds 
the system pressure. In that case the system pressure acting on the 
B area plus slightly more than system pressure acting on the A area 
will combine to overcome system pressure acting on the AP area. (If 
the rod is pulled instead of pushed valve $3 rather than valve #2 


will open). Flow will result and the cylinder piston will move. 


If the pump is unloaded or shut down, pilot pressure is lost and 
each cartridge can open when its spring force is overcome. This 
condition is not acceptable when vertical loads or external cylinder 


forces can be high enough to produce cylinder movement. 
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Equivalent spool- 
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check valves 


Figure No. 16 


То ED this problem three small check valves are added as shown 
in figure 16. Тһе check valves allow the highest available pressure 
Mii as the pilot pressure. Thus a closed center system is 


created. 
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FIGURE NO 17 


STORKE ADJUST COVERS 

A cartridge valve with stroke adjust cover is used to provide flow 
requlation and directional control in a single unit. Flow 
regulation is obtained by limiting the travel or stroke of the main 


poppet. In this way an adjustable throttle or variable orifice is 


created, 


The throttle opening is set by the position of a pin which extends 
into the insert spring chamber, “he pin forms a stop for poppet 
opening. the arrangement o£ parts with standard screw and locknut 


adjustment is shown below. 
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PILOT INTERFACE Cover PILOT INTERFACE COVER 
16THRU 40мм SIZES 50 AND 63MM SIZES 
Figure No, 18 © 





| 
COV WITH PILOT VALVE INTERFACE 





| 
Covers with a pilot directional valve interface are available in all 
| 
sizes except. The 16, 25 and 48mm covers have an МЕРА 0-91 face for 
mouhting a DG4V-3 pilot valve. Тһе 50 and 63mm covers have a 0-02 


face which takes а 06454-81 valve. 


Note that the 16, 25 and 4йша covers connect auxiliary port Z with 


Еле insert spring chamber while the 50 and 63mm covers connect the 





72 port with the spring chamber. “his is due to the difference in | 


thé pilot valve port patterns. They are shown in the top views. 
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Figure Мо. 19 


In this figure the cartridge valve covers are shown schematically 
with pilot directional valves mounted on top. Either single or 
double solenoid valves can be used. The damping orifices shown 
circled comes installed in the covers. The other indicated orifices 


may be installed if needed. 


Pilot pressure at the X port is connected in the cover to the P port 
of the directional valve. Тһе T port is connected to Y which is a 
drain passage. Auxillary ports Zl and/or Z2 may be connected in the 
manifold to other valve pilots to provide simultaneous operation of 
more than one cartridge valve with one pilot valve. 

The schematic of the 16, 25 and 40mm valves shows the pilot valve in 
the spring-offset position. Pilot pressure from the X port is 
transmitted through the pilot valve (P to A) to the insert spring 
chamber thereby holding the cartridge valve closed. When the 
solenoid is energized, the spring chamber is drained through the 


pilot valve (A to T) to the Y (drain) port and thus the cartridge 


valve opens to allow flow in either direction. 
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VALVE RESPONSE 

valve response, the timing and rate of opening or closing of the 
main| valve poppet, is a function of the damping orfice size and the 
system pressures applied to the "a", "В", and pilot pressure ports 
of the valve. In most cases the standard orifice supplied in the 
cover will give satisfactory) valve response. If needed, critical 
machine functions can be optimized or tuned by changing the 
зы damping orifice ІП to modify valve response. Larger 
NS UM give faster response (and less damping); smaller orifices 
give slower valve action. е. plug kits include several size 
orifices plus a blank plug. The use of orifices smaller than 2.8mm 
(.032 in.) diameter is not recommended for most hydraulic systems 


due to possible clogging by system contamination. 


Adjustable 
throttles 





FIGURE 20 


А moduler block maybe used with a directional valve cover to provide 


an|adjustable response of the main poppet. 
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SHUTTLE VALVE 





FIGURE NO 21 SHUTTLE VALVE COVERS (Standard) 
A shuttle valve cover takes the higher of two pilot pressures and 
directs it to pilot spring area AP. A schematic diagram of the 
shuttle valve is shown here. Тһе X port and the Y port feed fluid 
to each end of the shuttle., The spring chamber (area AP) is 
connected to the center section of the shuttle. Тһе 22 port is 


also connected to the center section of the shuttle. 


А seat is pressed into the cover bore and a ball is inserted. The 
outer plug is then threaded into the cover. The shuttle valve ball 
seat which prevents flow between AP and Y is machined on the end of 
the outer plug. An "О" ring and back-up ring located on the plug, 
prevent leakage between the AP and У port areas; another "0" ring 


prevents external leakage. 
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"igure No.22 





When the system requires an on/off valve with flow capabilities in 
either direction a shuttle cover with directional valve interface 
may be used as shown in this figure. 

When the solenoid is de-energized, the highest pressure in port X or 
Y ТЕ transmitted through the shuttle valve to the poppet spring 
акеа. Thus the valve will close whether A and B are at equal or 
unequal pressures because the spring| force added to the higher of 
ce or B pressures will overcome the A and B pressures trying to 


open the valve. 
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FIGURE NO. 22 (cont'd) 


Energize the solenoid and the poppet spring chamber is drained. Now 
fluid can travel in either direction as long as it has enough energy 


to overcome the spring holding the poppet closed. 


To convert this circuit from "normally closed" to "normally open" 
replace the right hand spring offset valve with a left hand model, 


This will change the spring offset path from P - A to P - B, 
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FIGURE NO. 23 SHUTTLE VALVE COVERS WITH NFPA-DOl INTERFACE 





А dites valve with a directional valve mounted on its NFPA-DOl 

interface expands a basic check valve to a check/on/off device. 

Shuttle covers are available in the 25, and 4@mm sizes. They are 

not Жырақ. in the 50 and 63mm sizes. Two configurations of the 

shuttle valve are available, type 1 and type 2. Тһе difference 

between the two is an assembly change which picks up the Z2 port 

from a different location in the cover. The change from one 

assembly configuration to the other is made by exchanging the О 
location of a solid plug. This plug is not visible without removing 


external plugs from the cover. 
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FIGURE NO 24 PILOT OPERATED CHECK COVER 


The pilot operated cartridge check valve can be applied in much the 


Same manner as other pilot operated checks. Three pilot ports are 


used: 


l. The X port is drilled in the manifold to the pilot signal. 

2. Тһе Y port is drilled in the manifold to connect with the B port 
of the insert kit. 

3. Тһе 21 port is connected to a drain line. When there is no X 
pilot signal to the valve, we have a simple check valve. Flow 
can pass from А to B if the pressure in the А port is greater 
than the sum of the pressure in the B port plus the spring 


force. Flow is blocked from B to A. 
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FIGURE NO. 24 (cont'd) 

| 
weh sufficient pilot pressure is applied to the X port, the piston 
б, lifting the check valve ball from its seat. This drains 
pilbt spring area AP and ciosed the passage between area AP and Y. 
If the A port is pressurized, flow will pass from А to B regardless 
of the area ratio of the insert kit.If B port is pressurized, flow 
vill pass from B to A providing the area insert kit ratio is 1:1.1 


to 1:2. 


Тһе cartridge valve B port is connected to Y. When flow reverses, 
pressure is applied to Y from the B port and removed from X. Тһе 
spring then shifts the check valve ball which blocks the passage to 
the 21 port and the AP area is pressurized preventing the cartridge 
valve from opening.The pilot piston has an area 3.4 times the seat 
area of the check valve. This means that when system pressure is 


3.4 





times the pilot pressure, the pilot piston and ball are in 
pressure balance. 

| 
Make sure a pressure greater than one third (1/3) of system pressure 
is | аз Лабе for use as pilot pressure. Тһе maximum allowable pilot 


pressure is 5000 PSI. 


The pilot operated check valve is available in the l6mm, 25mm and 


4mm sizes, 


r 
| 
| | 
111 | ИШ А 
=+ 
Vent Tank 


FIGURE NO. 25 PILOT OPERATED CHECK VALVE 
— ев 


It із important to remember that the 3.4:1 pressure ratio of pilot 
pressure to system pressure is in effect not only when the pilot 
valve ball is to be unseated but also when the pilot signal is 
removed to allow the ball to re-seat. This pressure relationship 
can cause a problem as is shown in this circuit. The designer of 
the circuit intended that the cartridge poppet would open B to A 
when pilot pressure from a separate source is applied to the pilot 
operated check via the X port. Closing the poppet was to be done by 


venting the pilot pressure relief valve. 


The first operation, opening B to А, worked OK. However, when the 
relief valve was vented, the cartridge valve poppet did not close 
because the system pressure acting on the small ball area was not 
high enough to overcome the relief valve vent pressure acting on the 
larger (3.4:1) pilot piston area.The following figure shows one 


solution to this problem. 
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FIGURE NO. 26 


The fix was to use a directional valve to apply or drain the pilot 


pressure. Тһе tank port of the directional valve was connected to 
| 


drain so the pilot pressure at the pilot piston did go to zero, 


allowing system pressure to close the cartridge valve,returning the 


main system to full operation. 
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Equivalent spool- 
в valve positions 










Ed | 
| | 


8-11 ОН | On | Off | On 
5-21 ОН | Off | On | On 


=== 


Single-solenoid valves 


Figure No.27 


This figure shows how the cylinder in the four cartridge circuit can 


be operated regeneratively without adding more solenoids. Simply 
replace the three-position, double solenoid pilot valve with two, 


two-position, single solenoid valves. When the two solenoids are 


energized simultaneously the cylinder will operate in a regenerative 


manner, 
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Figure No. 28 


Add just two more two-position, single solenoid valves to create an 
independent-control circuit. Operating each cartridge valve with a 
solenoid valve creates the equivalent of a sixteen-position spool 
valve. This arrangement enables each cartridge to be controlled 
independently, allowing a oth transition from one operating 
phase to the next. 
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FIGURE NO.29 CARTRIDGE RELIEF VALVE 


А cartridge relief valve performs in the same manner as the 
traditional type relief valve. It is а two-stage or compound relief 


valve. In the traditional relief valve, the pilot sensing port is a 
In the cartridge relief the 


040 inch hoile through the spool 
pilot sensing line is taken through the manifold, around the main 


stage, then through a .040 orifice in the cover. 
X 


Z is 


Note the three pilot connections from the manifold to the cover. 
Y is the drain connection, 


is the pilot pressure connection. 


the vent connection. 
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FIGURE NO. 29 (cont'd) 


Flow through the main stage is from А to B. Therefore, the X pilot 
port is connected to the А port. Тһе Y is the drain connection. 2 
is Le vent connection. Flow Tat the main stage is from A to 
B. Therefore, the X pilot port is connected to the A port. The Y 
port may be connected to B or to an external drain. Just as in 
cel tona relief valves, any back pressure in the drain port will 


| 


ада directly to the setting of the valve. 





Тһе 2 port may be drilled in the manifold to connect to a vent 





control or a remote pressure pilot. If it is not needed, it is 


simply not drilled in the manifold. 
| 


Тһе recommemded maximum fl for each valve size is: 


SIZE FLOW 

L/MIN GPM 
16mm А 42 
25mm 400 105 
Адта 700 185 





Тһеве flow rates are based on 4 bar pressuredrop with valve 


unlpaded. 


Thrpe pressure ranges are available. Тһе maximum pressure is 
changed by changing the spring in the pilot section. The main stage 
si di remains the same in all cases. By changing the pilot AEn. 
we canachieve a maximum setting of 125 bar, 245 bar, or 350 


bar|(1800, 3500, ос 5000Р5І respectively). 
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FIGURE NO. 29 (cont'd) 


PRINCIPLES OF OPERATION 
The pressure setting of the valve is determined by the position of 


the adjusting screw which varies the spring compression. 


In normal operation, the B port is connected to tank. The A and X 
ports are interconnected within the manifold. System pressure із 


present at А. 


The system pressure at the A port is fed to the X port and 
communicated through the control orifice into area AP. Area AP is 
located directly above the cartridge insert poppet. This allows the 
cartridge insert poppet to be in hyeraulic balance and held against 
its seat by a light spring. Note: Тһе orifice located in the АР 
area feed passage is used to slow reaction time of the spool and 


this prevents instability. 


When system pressure at А exceeds the cover spring setting it forces 
the pilot poppet away from its seat. Fluid will flow through the 
control orifice, across the poppet and through the Y port to tank. 
Flow through the control orifice develops a pressure drop that 
subtracts from system pressure. Тһе orifice pressure drop prevents 
pressure in the AP area from rising above the pilot poppet cracking 
pressure. When system pressure at the A port exceeds the ргевацке 
of the AP area sufficiently, the cartridge poppet will lift and 


throttle fluid from A to B, This limits system pressure at A. 
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FIGURE NO. 29 (cont'd) 


E FUNCTION 


ыы the valve by opening the АР area to tank will permit flow to 


eccuir from А to B at a pressure of approximately 5 bar. 


Notd: Vent pressure is limited only by the light spring of the 
cartridge poppet plus any back pressure present in the vent line. 
Тһе АР area is connected internally within the cover to the 2 port. 


Opening the Z port to tank vents the valve. 
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FIGURE NO. 30 
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VENTING THE RELIEF VALVE 
The picture shows how a solenoid valve can be used to vent a 


cartridge relief valve. 


The spring-offset, single solenoid directional valve is bolted onto 
the interface of the cartridge valve cover. When the solenoid is 
de-energized, the relief valve is vented to tank thru the solenoid 
valve's P and В ports. When the solenoid is energized the P port is 
blocked causing the cartridge relief valve to return to its pre-set 


pressure. 
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FIGURE NO. 31 DUAL PRESSURE SETTINGS PLUS VENTING 

In this arrangement, a spring centered directional valve controls 
to relief valve pilot stages to provide two different relief 

Ui ien Also, when the solenoids are de-energized, the relief 
valve is vented to tank. Тһе 2 port is a remote vent connection. 
li the Z port if the remote vent feature is not used. 

x high pressure setting is controlled by the pilot valve located 
in the cartridge valve interface cover and the low pressure setting 
is controlled by the module sandwiched between the directional valve 


and the cover interface. At least a 10.3 bar (150 PSI) spread 18 


required between the high and low pressure setting to prevent 





Ó 


oscillation between the two pressure settings. 
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FIGURE NO. 32 ELECTRICALLY MODULATED RELIEF VALVE 

The cartridge valve interface cover accommodates the ССЕ-02-%-20 
electrically modulated relief valve. This valve can be remotely 
controlled by a micro-computer or a regulated power supply with 
appropriate voltage and current control. As current increases, 
pressure drop across the ОСЕ valve increases. This will cause the 
System pressure to increase proportional to current change up to the 
manually set pressure of the cartridge relief valve. That's because 
the pressure drop across the CGE valve cannot exceed the manual 


pressure setting of the cartridge valve. 
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FIGURE NO. 33 PRESSURE REDUCING VALVE 


The |pressure reducing valve in the cartridge valve family operates 
in much the "M manner as the traditional type of pressure reducing 
valve. Even its construction is similar. It has a pilot stage 
which consists of an adjusting screw, spring, poppet, and seat with 
integral flow control to limit flow through trhe pilot stage. Tt 
һаз а main stage which consists of a sliding spool, spring offset to 
the open position. Flow direction is only one way, from port B to 
port А. 
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FIGURE МО, 33 (cont'd) 


In operation, the À port is connected to the load and the B port is 
connected to the pressure source Тһе B and X ports are 
interconnected within the manifold. System pressure at B is fed to 
the X port and communicated through a pressure compensated flow 
control into area AP. This flow control in the cover limits flow 
to the pilot stage. Тһе flow control spring and spool act as a 
hydrostat to control a variable orifice which holds a constant 


pressure drop across the fixed orifice. 


Thus, there is а constant flow thru the pilot Stage regardless of 


main system pressure at B port during the reducing valve operation. 


The main stage spool is spring loaded to the open position with 
equal pressure at the top and bottom of the spool until load 
pressure increases to the pilot stage setting. With the pilot 
stage limiting the pressure at the top of the main stage spool and 
load pressure rising to equal the spring force plus the pressure on 
top of the к the spool will move up restricting the flow to the 
load. Thus, the maximum pressure at the load will be the pilot 


Stage setting plus the spool spring force. 


The valve can be vented by opening the Zl port. 
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FIGURE NO. 34 PRESSURE REDUCING VALVE WITH HIGH AND LOW ADJUSTABLE 
мдя ДИЈОЗРАВЊЕ | 


SETTINGS BY ELECIRICAL SELECTION 
АЙ 


тп Өр valve assembly а left hand, spring offset directional valve 
d ли two кшп valve heads and provides two different reduced 
pressures, 

| 
The highest pressure setting is controlled by the pilot valve 
located in the cartridge valve interface cover and the low pressure 
setting is controlled by the module sandwiched between the 
diredtional valve and the cover interface.. When the directional 


valve is in the spring offset condition (solenoid de-energized), 
| 
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FIGURE NO. 34 (cont'd) 


the high pressure setting is active. Provide at least 10.3 bar (150 
PSI) spread between the high and low pressure settings to prevent 
oscillation between the two pressures.Use a standard spring offset 
valve (offset P to A) to have the low pressure setting functional in 
the spring offset condition. ТЕ а standard valve is used, check 
installation dimensions to make sure a physical problem does not 
exist. The standard valve's solenoid will be directed away from the 


adjuster mechanism, 
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FIGURE NO. 35 ELECTRICALLY MODULATED PRESSURE REDUCING VALVE 
д— LNG VALVE 
EUN ON 


The dartridge valve interface cover accommodates the ССЕ-@2-*-2@ 
electrically modulated relief valve. This valve can be remotely 


controlled by a micro-computer or a regulated power supply with 





appropriate voltage and current control. Аз current increases, 
UE drop across the СОЕ valve increases. This will cause the 
pressure reducing valve pressure to follow the OGE valve. The 
maximum setting of the cartridge valve is limited by the setting of 


the manual adjuster located in the Cartridge valve section. 





Раде 51 






Xi 





> 


СА 








m 


I? 





салала лы 
Т] 

(LLL A 

mum 


“= 
È 
ia ki. „ 


ГАРЛАР, 


< 
ue 


FIGURE NO. 36 FLOW CONTROL VALVES 


Flow control valves fall into two basic categories: pressure 
compensated and non-pressure compensated. Тһе latter are used where 
load pressures remain relatively constant and feed rates are not 


critical. They may be as simple as a fixed orifice or an adjustable 


needle valve. 


A cartridge valve with stroke adjustment cover and notched metering 
poppet provides non-pressure compensated control of flow rates in a 
manner similar to a needle valve. However, the cartridge valve has 
the additional feature of being able to be turned on or off without | 


changing the throttle setting. 
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FIGURE NO. 36 (cont'd) 


The stroke adjustment cover contains a pin which extends into the 





e spring chamber. The pin forms a stop to limit the 
n the poppet can move off its seat, Тһе pin position is 
adjusted by a screw which itself is available in four 


i I plain screw adjustment, screw adjustment with cap, 


micrometer knob, and micrometer knob with key lock. 


To indicate that the cover has the adjustable stroke feature the 
graphical symbol includes a rectangle to show manual operation and 


an arrow to show adjustability. 





To provide good control of the flow through a cartridge valve the 
stróke adjustment cover should be used in combination with a 
companion poppet. Designed for use with a standard 1:2 area ratio 
idee, the poppet has a v-notched To which has better metering 
characteristics than a standard poppet. The trade-off to this is a 
substantial reduction in the flow rate at 5 bar differential 


pressure. 
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FIGURE NO. 37 METER IN CIRCUIT 





Here is an application of the stroke adjustment cover with v-notched 
metering poppet. It controls the speed of the piston by metering 
the flow of oil into the cap-end of the cylinder. This is a non- 


pressure compensated meter-in system. 


If the piston is to control an overhauling load it is necessary to 
limit the flow rate of the oil leaving the rod-end of the cylinder. 
To do that, put the stroke adjustment cover on valve number 4 
instead of valve number 2. Also, install a shuttle valve in the 
supply line to the solenoid valve. Connect the shuttle valve to 
both the rod-end port of the cylinder and to the pump. This assures 


enough pressure to keep valve 3 closed when the piston is extending. 
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BY-BASS TYPE FLOW CONTROL 
| 


For more accurate control of flow rates, pressure compensated flow 
controls may be constructed from standard cartridge valve 


components, 
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FIGURE NO. 38 BY-PASS TYPE FLOW CONTROL 

A by-pass type flow control HT the adjusted flow rate constant by 
| 

keeping the differential pressure across the throttle constant 


regardless of load pressure. 


Pressure compensation in a cartridge type, by-pass flow control 
system is provided by a 1:1 area ratio poppet and standard cover as 
shah in this figure. The flow through the throttle in the 


cartridge valve that has a stroke adjustment cover and 1:2 


| 
| 
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FIGURE NO. 38 (cont'd) 


throttling poppet generates a pressure drop. This pressure drop is 
sensed across the 1:1 insert at the A and X ports of the pressure 
coompensator,. When the pressure drop equals 2.5 bar (the spring 
force level) the poppet opens and by-passes excess oil from the pump 
to tank. Ап increase in load on the cylinder would increase the 
pressure at the X port. This raises the pressure level upstream of 
the throttle an equal amount thereby holding constant the pressure 
drop across the throttle and thus holding constant the flow thru the 


Valve, 


Pressure at the pump will be 2.5 bar higher than load pressure. No 
maximum pressure limit is provided by this type of flow control. 


The next figure shows how to limit the maximum pressure. 
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FIGURE NO. 39 


Throttle 


Pressure 
Compensator B 
and Relief 





| 
| 


Maximum pressure limitation in a by-pass type,pressure compensated 
Eloy control can be provided by replacing the standared cover of the 
1:1 insert pressure compensator valve with a relief valve cover. 

The pilot relief valve will limit pressure in the AP area of the 
popget whether it is on the load side of the throttie or on the pump 
side. When the throttle insert is closed, pilot flow would be from 
A port through the orifice in the X passage and over the pilot 
mu valve thereby limiting the maximum system pressure. If the 
неце із open апа the cylinder із moving, the load pressure plus 
thrdttle valve restriction pressure establishes the system 


pressure. 


| 


——————————————————— 
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FIGURE NO. 49 





In either condition flow through the pilot passage is from the A 


port through the X port to the connection of the load sensing 
passage downstream of the throttle. This flow would cause the 
cylinder to creep if the throttle was closed with the cylinder 
Piston creep can be elimintaed by installing a spring offset 


directional valve in the load sensing line to prevent flow when the 


throttle poppet is closed. 


The by-pass type flow control and relief valve provides accurate 
flow control plus it saves horsepower because pump pressure is never 


more than 2.5 bar over load pressure. 
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FIGURE NO. 41 RESTRICTOR ТУРЕ FLOW CONTROL 


When а reducing valve insert with standard cover is installed in 





series with the 1:2 metering cartridge with stroke adjustment cover 
to act as a compensator, the pressure difference across the metering 
poppet (throttie) is held constant. {The pressure difference is 

са ари лед by the spring force in the reducing valve). Тһе flow 
rate through the throttle will therefore be held constant. The flow 
rate through the throttle may be changed by varying the stroke 


adjusting screw position. 
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FIGURE NO. 42 


The pressure difference across the throttle of the restrictor type 
flow control may be varied by replacing the standard cover used with 
the reducing insert, with a reducing valve cover. Тһе drain port 
(Y) of the reducing cover must be connected downstream from the 
throttle in order to sense the load pressure. Тһе pressure drop 
across the throttle is now determined by the setting of the reducing 
cover pilot stage plus the spring value of the reducing insert. The 
flow rate through the valve may now be adjusted by varying the 
reducing cover spring setting and/or the setting of the stroke 
limiter. Increasing the reducing cover spring force provides higher 
flow capability of the throttle. Тһе restrictor type flow control 


may be used in meter-in, meter-out or bleed-off circuits. 


Раде 604 


ilot Relief Valve 


(max. pressure) TT 


Li 
| 
L-— Throttle 






2 

Reducing | ІШЕ ү 

Cover | | Aum B 

Б m Load Sensing System 


Line 





Pressure @ 
Compensator 





FIGURE NO. 43 FLOW CONTROL AND REDUCING VALVE 


The (cartridge restrictor type flow control may also be used to limit 
the maximum pressure downstream from the throttle by the addition of 
a pilot relief valve. The flow control operates the same as in 
figdre 48, except that the relief valve now limits the maximum 
pressure in the spring chamber of the reducing insert, thereby 
allowing the valve to operate as both a flow control and a pressure 


reducing valve when applied аз a meter-in valve. 
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FIGURE NO. 43 (cont'd) 


Remember that unlike the standard resistor flow control valve, the 
cartridge version is also used as one of the flow paths of a 
directional valve. When the throttle cartridge is piloted closed to 
block flow to the actuator, it is possible for the actuator to creep 
due to pilot flow in the load sensing line. Across the throttle 
there exists a pressure difference due to the higher pressure at the 
inlet of the compensator protion of the valve. There will still be 
a small flow (determined by the pressure compensated flow control in 
the reducing cover) across the reducing cover pilot stage and into 


the actuator, 
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FIGÜRE NO. 44 
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To prevent this unwanted flow, a spring offset directional valve may 
be installed in the load sensing line between the reducing cover and 
the outlet port of the throttle cartridge valve as shown in this 


figure. 
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The spool is hydraulically balanced by means of a drilled passage 
which connects the А port area to the annulus area on the top of the 
spool. А spring biases the spool to the closed position and so the 


solenoid force only has to overcome the spring force, 


MODEL 
CVU-IG-EF 
(18mm) 


Bd e А 






Coll 
Solenaid 


FIGURE 45 


The solenoid is used with a closed loop electronic control whereby 
an input signal continuously opens the valve until the required 
amount of opening is achieved, when the LVDT feedback signal 
coincides with the input signal. Тһе valve opening is therefore 
proportional to the solenoid input signal. In its basic form, the 
valve is non-pressure compensated, but may be incorporated with a 
hydrostat or flow sensor as shown in the flow control circuits in 


this section by replacement of the throttle stroke adjust cover and 


insert. 
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Larger cartridge sizes use a two Stage arrangement as shown in 


figure 46. In this case the proportional solenoid acts directly on 





a spring loaded pilot spool. А pilot flow is taken from the inlet 
(A) port of the valve and is bled to tank via the port that connects 


to the top of the main poppet. 





Poaltion 
Sensor 








FIGURE 46 





Witlh zero signal to the solenoid, the spring pushes the pilot spool 
to the fully up position. This blocks the pilot bleed flow so full 


inge port pressure is applied to the top of the main poppet. With 
м same pressure top and bottom of the main poppet, its, spring 
pushes it to the ALIUM position. As a signal is applied to 


the solenoid, the pilot spool moves down. This opens up a bleed 





path for the pilot flow and reduces the pressure 
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on the top of the main poppet. This pressure drop causes the poppet 
to lift, opening the main flow path through the valve until the 
feedback signal from the position sensor coincides with the input 
signal to the solenoid. The valve then reaches a steady state 
position at an opening determined by the input signal. 

The pilot supply for the valve must be taken directly from the A 
port, and be a minimum pressure of 10 bar. 

As with the direct acting version, the valve is non-pressure 
compensated and must be used in conjunction with either a hydrostat 


or flow sensor if pressure compensation is required. 


ELECTRONIC CONTROLLER FOR THROTTLE VALVES 

(D The electronic controller is a unit designed specifically for the 
control of a proportional solenoid valve, with electrical position 
feedback. 


Connection Diagram 
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FIGURE 47 
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The command signal can be provided by an external potentiometer, an 


external voltage source, or by switching internal relays to select 





any combination of four internal potentiometer settings. With the 
intlernal pots set at 1, 2, 4, and 8 volts, up to a total of 16 
didcrete (binary code) voltage levels can be selected. 

Adjustable internal ramp potentiometers provide independent control 


of acceleration and deceleration rates within the range of 50 to 350 





та. 





Minimum response of the stroke sensor and the start-up point of 
the output signal can be selected by adjusting the "ZERO 
BALANCE" potentiometer. The upper limit of input current can be 


addusted via the "МАХ" potentiometer. 





O 
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PRESSURE CONTROL CIRCUITS 
The circuits in this section are examples of 
pressure control systems. They showthe basic 


control for instruction purpose only. Changes 


in circuitry may be required to satisfy all 


requirements of an application. 
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FIGURE NO. 49 UNLOADING 





This high/low circuit shows a typical unloading valve application. 
A lil cartridge with a 2 bar spring and a standard cover is used as 
an | M valve (Valve #5).А small unloading valve, is used to 
control the operation of the cartridge unloading valve. The 
cylinder is controlled by a typical 4-way cartridge directional 
valve arrangement. Another 1:1 cartridge insert with a 2 bar spring 
is employed аз a check valve (Valve 86) to prevent the output of the 
аай pump from dumping through the unloading valve. 

| 
вз {ла the high flow, low pressure phase of operation, the pressures 


at the А port and on area AP of the unloading valve will be equal 


and the spring will hold the poppet closed. The large volume pump 
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FIGURE NO. 49 (cont'd) 


delivery is directed through the check valve (#6) to join the 
smaller volume pump and extend the cylinder. When the cylinder goes 
into the work cycle where high pressure but low flow is required, 
the pressure rise at the small volume pump outlet is sensed in the 
pilot port of the unloading valve. Тһе unloading valve will be set 
to open approximately 150 PSI above the circuit's low pressure 
requirement. The pressure during the low flow, high pressure phase 
of operation must be high enough to hold the unloading valve pilot 
wide open. Тһіз in turn will drain the spring chamber of valve #5 
to tank. With the spring chamber drained to tank the large volume 
pump will work just hard enough to overcome valve #5'з spring (2 
bar). The orifices at B and C are used to control the opening and 
closing speeds of their poppets, thereby reducing the possibility of 


hydraulic shock. 


Note that the unloading valve used here is limited to a maximum of 
3000 PSI. This limits the maximum operating pressure of the 
cartridge valve to 39000PSI. А pilot valve which would permit 
operation of the unloading valve at pressures higher than 3000 PSI 
would be a single solenoid, spring-offset directional valve. The 
solenoid would be controlled by a pressure switch sensing the 
pressure at the outlet of the small volume pump. The pressure 
switch would be set at a pressure slightly above the pressure 
requirement of the high volume phase of operation. Іп this manner 
the maximum, 5000 PSI, pressure capability of the cartridge 


valves could be utilized. 
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SEQUENCE 


The sequence of events in the circuit shown are that the cylinder 
extends before the motor turns. The motor is unidirectional and 
must be stopped while the cylinder is retracting. The 4-way valve 


ar 


controlling the cylinder is a standard 4-way cartridge valve 
angement. The sequence valve consists of a 1:1 insert with a 2 


bar spring and a relief valve cover which is externally drained thru 


т 
+ Y port. (3 
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FIGURE NO. 50  (cont'd) 


The operation of the sequence valve is as follows: Flow through the 
sequence valve to the motor is from port А to port B. Аз in any 
sequence application, the sequence valve is set higher than the 
pressure needed for the first operation. Іп this circuit a drilled 
passage in the manifold connects the X port of the relief valve 
cover to the А port of the insert. When the cylinder reaches the 
limit of its travel the pressure in the spring chamber of the 
sequence valve rises till it reaches the relief valve setting. When 
it exceeds that setting the cartridge valve poppet opens, allowing 
flow to the hydraulic motor. During this phase of the operation the 
sequence valve insures a minimum pressure at the cap end of the 
cylinder - but if the rotating load increases, causing the pressure 
at the inlet of the motor to increase, then pressure at the cap end 
of the cylinder will also increase. The pressure at both actuators 


will be limited by the main system relief valve (not shown). 


The orifice at 'b' is used to control the opening and closing rate 


of the poppet to iimit system shock. 
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COUNTERBALANCE 


е valves are pressure control valves. They аге 
| | 
included in hydraulic systems in which back pressure is required to 


min a load from falling. A typical counterbalance circuit is 





shown here. This езгеде controls the main cylinder of а forming 


vir dd This type of press has a very heavy platten fastened to the 

due d rod of the down derina cylinder. То prevent the platten from 
| , 

са у по freely during the "close" portion of the press cycle а 


pee valve is included in the circuit. 


О 
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FIGURE NO. 51  (cont'd) 


Valve #4 has a 1:1 area ratio, a 2-bar spring, a relief valve cover 
and is controlled by a 2-position pilot valve. As shown in the 
drawing the AP area of valve #4 is connected to its A port. ІЁ is 
also connected to the pressure port of a pilot relief valve and to 


one of the cylinder ports of a spring offset solenoid valve. 


The pilot relief valve that is connected to #4 should be adjusted so 
that it will open 50 to 100 PSI above the pressure in the rod end of 
the cylinder. With solenoids 51, 52, and 53 de-energized, all four 
of the cartridge valves will be closed; numbers 1, 2, and 3 by pilot 
pressure. Number 4 will be closed becauge its 1:1 poppet has the 


same pressure on both sides. Its 2-bar spring holds it closed. 


To raise the platten energize solenoid S1, this opens the AP areas 
of #1 and #3 to tank. 011 from the pump will open #3 and raise the 
platten. Oil exiting the cap end of the cylinder will push open £1 
and go on to tank. Number 2 will stay closed because pilot pressure 
from the pump is still acting on it. Number 4 will stay closed 
because the pressure on its А and AP area, the two areas are equal 
and the 2-bar poppet spring has enough force to hold the poppet on 


its seat, 


To lower the platten energize only solenoid S2. This opens the АР 
area of #2 to tank and holds pilot pressure on both #1 and #3. 031 


from the pump acts on the B area of $2, lifts the poppet off its 
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FIGURE NO. 51 (cont'd) 


seat and flows into the cap end of the cylinder. However, the 
platten will not lower because #4 is still closed and it will stay 
clósed until either solenoid S3 is energized or the pilot relief 
valve opens. Тһе weight of the platten plus the force of the oil 
befits pumped into the cap end will raise the pressure in the rod end 
ae the pilot relief valve opens. Ths oil passing through the 
pilot relief valve must also squeeze through the orifice between the 
А апа AP portions of #4. This means that the pressure on the A side 
of the orifice will be higher than that on the AP side. Аз the flow 
rate through the relief valve increases the pressure differential 
aditss the orifice increases until it becomes large enough (about 2 
bar) to overcome the spring holding the poppet closed. 011 can now 
£ldw from the А to B ports of $4 and the platten will lower but not 
at а rate faster than the pump dictates. As long as solenoid S3 is 


not energized, the relief valve will maintain enough pressure on the 


rod end of the cylinder| to prevent the platten from falling freely. 


As soon as kha platten reaches| the work piece it is necessary to 
remove the back pressure on the rod end of the cylinder in order to 
exert full force during the pressing operation. This is done by 
energizing solenoid 53. This opens the AP area of valve #4 to 

tank. The only pressure needed to open #4 will now be that required 


to [overcome the poppet spring about 2 bar. 





О 
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FIGURE МО, 52 





BRAKE CONTROL CIRCUIT 


The cartridge insert used in the brake valve application employs a 
1:1 ratio metering poppet, a standard cover, and a P type pilot 
pressure control valve which contains a external pilot control. А 
1:2 insert is used to start and stop the motor by permitting or 
blocking fluid flow to the motor. This cartridge is controlled by 
the solenoid controlled directional valve. То start the motor, 
energize the directional valve, this drains the cartridge spring 
chamber to tank permitting pump flow to the motor. The pressure to 
accelerate the motor is communicated to the pilot valve shifting its 


Spool and thereby draining the spring chamber of the main stage of 
the brake system. 
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FIGÜRE NO. 52 (cont'd) 

| 
Tha fhain stage poppet is opened by the discharge flow from the 
motor. When the motor is up to full speed the inlet pressure of the 
notġr will decrease. However, it is still high enough to keep the 
pilot valve shifted and the metering poppet spring chamber drained 
to tank. The motor then will be driven at the speed determined by 


the pump delivery. 


When the solenoid is de-energized to stop the motor, the cartridge 

valve is piloted closed by the pump pressure in its spring chamber. 

The pressure at the motor inlet will drop to Ø bar, allowing the 

pilot spool to move toward its spring offset position. The inertia С 


of the motor load now drives the motor as though it were a pump, 





causing pressure at its outlet to increase. Тһе pressure increase 
at the spring chamber of the metering poppet is limited by the 
relief valve cover which in turn will determine the motor outlet 
pressure. This pressure at the motor discharge port will apply a 
braking force to the motor. Тһе deceleration rate (braking time) 
can be adjusted at the pilot valve. А check valve should be located 


between the motor inlet and the tank to prevent the motor from 


cavitating while decelerating. 
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Section | - INTRODUCTION 


A. PURPOSE OF MANUAL 


This manual describes the basic operating characteristics and 
provides service and overhaul information for Sperry Vickers 
directional, pilot operated check, and shuttle cartridge valves. 


B. GENERAL INFORMATION 


Related publications - Installation dimenstions are not con- 
tained in this manual. Cartridge valve installation information 
is listed in Table 1. Installation drawings are available from any 
Sperry Vickers sales engineering office or from: 


Sperry Vickers 
Technical Publications 
1401 Crooks Road 
Troy, Michigan 48084 


CARTRIDGE INSTALLATION DRAWINGS 
VALVE TYPE | 16mm | 25mm | 40mm [50mm | 63mm | 
Directional Valve 





















Pilot Operated Installation information 
Check Valve shown in , |, 
Shuttle Valves Advertising Bulletin "316", 


Table 1. Related Publications 


MODEL CODE BREAKDOWN 
СУС: ее босар *** ... 


Cartridge Valve Cover 


Valve Size (mm) 
-16 
-25 
-40 
-50 
-63 


Function 

A Stroke Adjuster (all) 

Di МЕРА-001 with inch threads 
(25 & 40mm only) 

D2 NFPA-D02 with inch threads 
(50 & G3mm only) 

N Standard Directional (all sizes) 

PC Pilot Operated Check 
(16, 25 & 40mm) 

W Shuttle (16, 25 & 40mm) 

W11 Shuttle Type 1, NFPA-DOI 
with inch threads 

W21 Shuttle Type 2, NFPA-DOI 
with inch threads 


SAE Thread Plugs 


ISO 3601 Seals 


Orifices 
Pilot ports X, Y, Z1, 22 and “АР” 
can be provided with an orifice. 
08 = 0.8mm Orifice 

12 = 1.2mm Orifice 

99 = No Orifice 

00 — Plug 


Examples: 


X08 
Z112 
¥99 
2.200 


Orifice 0.8 in Рон X 
Orifice 1.2 in Port Zt 
No Orifice in Port Y 
Plug in Port Z2 


Model Suffix 


Design Number 
-10 


Е Stroke 
Adjustment Devices 


-H - Handwheel КЕШЕНІН 
16 & 25mm 


- K - With Key Lock | 16 & 25mm 
- W - With Locknut 


Blank - Not Req'd. | — - | 





Table 2. Model Code Breakdown - Cover Section 


C. MODEL CDDES 


Cartridge valve|cover variations are listed in the model code 
breakdown, Table 2. The cover section model code/assembly 
number, stamped on the nameplate, does not identify cartridge 
valve inserts. 


Cartridge Valve Insert 


Valve Size (mm) 
-16 
-25 
-40 
-50 
-63 


Function 
-D10 Directional 1:1 
-D11 Directional 1.1:1 
-D20 Directional 2:1 
-F Metering 2:1 


Seals 
-2 - 130 3601 








A. GEN ERAL 


Cartridge valvés consist of two sections which are assembled 
into a manifold. One section is called the cover section and the 
other is called (he cartridge valve insert section. Internal cover 
parts vary according to a particular cover type. The following 
cover types аге Available (see Table 4). An exploded view show- 
ing item numbers for disassembly and assembly sequence along 
with appropriale part numbers can be found in section VI. 





Cartridge valve insert variations are listed in the model code 
breakdown, Table 3. To identify valve insert parts, refer to 
EE INSERT IDENTIFICATION" Section VI-G of this 
manual. 


MODEL CODE BREAKDOWN 
СМ -**.*.2.*.10. ** . ** 


Orifices (DII Only) 


Blank Omit 
-08 0.8 mm diameter 
-10 1.0 mm diameter 
-12 1.2 mm diameter 
-14 1.4 mm diameter 
-16 1.6 mm diameter 
-18 1.8 mm diameter 
-20 2.0 mm diameter 


Model Suffix 


Design Number 
-10 


Spring 
Cracking Pressure (bar) 





Table 3. Model| Code Breakdown - Cartridge Valve Insert 


Section 11 - DESCRIPTION 













COVER TYPE LOCATION 
Directional (Standard 
Stroke Adjustment Cover 


Interface 
Interface 


Table 4. Internal Cover Parts Location in Manual 












B. COVER CONSTRUCTION 


NOTE 
Cartridge valve covers are mounted to the 
manifold with four (4) cap screws. The 
cover relains the cartridge valve insert 
within the manifold cavity. 


1. Directional (Standard) - The standard cover contains а 
pilot pressure passage with an orifice to control the spool open- 
ing and closing rate. Pilot pressure to control the spool must be 
obtained from another valve in the system (see Figure 1). 


ORIFICE 


X 
PILOT 
PRESSURE 


(Spool - See Figure 9) 





Figure 1. Standard Cover Construction 


2. Covers with Stroke Adjustment - А cartridge valve 
spool can become a flow regulator with the addition of a stroke 
adjust cover. Stroke adjustment is accomplished by a pin that 
extends through the cover and limits travel of the spool. Flow 
through the valve is throttled by the spool to seat opening. The 
throttle opening is externally adjustable (see Figure 2), 


PRESSURE 


STROKE ADJUST. 
PIN 


16-63 mm 





Figure 2. Stroke Adjustment Covers 


3. Directional (МЕРА-ІХИ) - This cover provides a 
mounting pad for a directional valve and is available in the 
25mm and 40mm sizes. The valve is used to direct pilot 
pressure to and from the (AP) spring chamber area of the 
spool. Various orifices are available to control spool opening 
and closing rates. The DG4V-3 series is a common directional 
valve used with this cover (see Figure 3). 


(Spool - See Figure 9) 
NFPA-DOI 


(Spool - See Figure 9) 
NFPA-D02 


ORIFICE 





Figure 3. Directional Valve Covers with NFPA-D01 & 002 
Mounting Pads 


4. Directional (МЕРА-002) - This cover provides the 
same features as the NFPA-D01 cover. The difference between 
the covers is the mounting pad which is made to accommodate 
a larger directional valve. The NFPA-DO02 cover is used with 
the 50mm and 63mm sizes. Please note: The function of the Z* 
ports change as directional control valve sizes are changed. 


5. Pilot Operated Check - (See Figure 4) The pilot oper- 
ated check valve is available in the 16mm, 25mm and 40mm 
sizes. Assume pilot pressure is applied to *X' from the ‘А’ port. 
The piston moves to the left and lifts the check valve ball from 
its seat. This drains pilot (spring) area (AP) of the cartridge 
valve poppet and allows check valve action. The cartridge valve 
“В” port area is connected to ‘Y’. When flow reverses, pressure 
is applied to ‘У’ from the “В” port and removed from ‘X’. The 
spring then shifts the check valve ball and the pilot spring area 
(AP) is pressurized preventing the cartridge insert spool from 
opening. Orifices are available to control poppet reaction time. 


PISTON 


SLEEVE USED ON 
LARGER MODELS 
ONLY 


















SOLID PLU 
DO NOT 
REMOVE 


SEE FIGURE 30 ITEM 16% 


REMOVE | NFPA-D01 INTERFACE 
40 mm TYPE 2 


Figure 5. Shuttle Valve Cover Construction 








6. Shuttle (Standard) - А shuttle valve cover is a device 
which will take the higher of two pressures and direct it into 
pilot spring area (AP) of the cartridge valve insert kit, Orifices 
are available in the cover to control reaction time of the poppet 
(see Figure 5). 


7. Shuttle with (NFPA-DOI) Interface - These shuttle 
valve covers take the higher of two pressures and directs it 
through a directional valve to pilot spring area (AP) of the car- 
tridge insert kit. When the directional valve is energized, 
pressure from the shuttle valve is blocked and pilot spring area 
(AP) is opened to the Z1 port, tank or reservoir (see Figure 5). 


C. CARTRIDGE VALVE INSERT KITS 


1. Sleeve Sizes and Flows - Five sizes of cartridge valve 
insert kits were released. They are the 16, 25, 40, 50 and 63mm 
sizes. The valve size represents manifold port sizes. 


A cartridge valve, unlike a spool valve, does not have a 
malfunction flow, The valve will open or close regardless of 
flow; however, pressure drop across the valve will increase as 
flow increases. Cartridge valves are rated by the amount of 
flow they will pass with a one (1) or five (5) bar pressure drop 
“through the valve”. 


“Through the valve" is exactly what is meant, If a large 
manifold with complex flow paths is employed, do not expect 
the pressure drop through the system to be equivalent to 
“through the valve” (see Table 5). 





Table 5. Cartridge Sizes and Flows Through the Valve 


2, The available spool types are: 


a. Standard (see Figure 6). 





Figure 6. Standard Spools 








Ф 


b. Metering (see Figure 7). 





Figure 7. Metering Spool 


c. With Orifice (see Figure 8) 





Figure 8. Spool with Orifice 


3. Spools can be obtained in different area ratios. The 
area ratio is defined as the spool area ‘А’ compared to spool 
area 'AP'. The available area ratios are 1:1, 1:1.1 and 1:2. 
Refer to Figure 9 for а definition of area ratios. 


4, Three springs are available for use with each size car- 
tridge valve insert kit. The springs provide different spool 
cracking pressures for different area ratios. See Tables 6 and 7 
for a tabulation of cracking pressure differences. 


Spool cracking pressures with pressure 
applied to ‘A’ port. “АР” port drained. 


SPRING AREA CMM 


TYPE 


ШЕШШ ШЕП ЕНШЕ 
Light | — Hiec Hur 
CL tar [25 bar] 





Table 6. Spool Cracking Pressures for Different Area Ratios 


Spool cracking pressures with pressure 
applied to ‘B’ port. ‘AP’ port drained. 


SPRING AREA RATIOS 
| ELE | 





Table 7. Spool Cracking Pressures for Different Area Ratios 





Figure 9, Area Ratios 
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А. GENERAL | 

| 
Three types of Cartridge valves аге covered in this ‘anual: 
directional valvés, pilot operated check valves and shuttle 


valves. 

The complete у ive consists of two sections: 
1. Cover 
2. Cartridge valve insert kit 


The cartridge valve insert kit serves as the working Section 
while the cover Section controls a particular function. 


B. STANDARD COVERS (Refer to Figure 10) 


With pilot port |Х' connected to an externally controlled pilot 
pressure source, this valve becomes a pilot operated directional 
control. With sufficient pressure at pilot port ‘X’, the pool is 
closed and flow! between ports ‘A’ and “В” is inhibited. With 
the ‘X’ pilot рой drained to tank, the spool can open and flow 
will occur from ÍA’ to “В”. Spool cracking pressure depends on 
the insert area ratio and spring force. 


ORIFICE 


SPRING 








Figure 10) Directional Valve Cover Operation 


Cartridge valves with directional covers can also function as a 
non-return check valve. With the ‘X’ port connected tq either 
the ‘A’ or ‘B’ port, free flow is allowed as shown (see Figures 
11 and 12). Reyerse flow is prevented by spring force and 
upstream pilot port pressure at 'X'. When piped as shbwn in 


Section Ill | PRINCIPLES OF OPERATION 
| 
| 


Figure 11, leakage through the insert spool and sleeve 
diametrical clearances may cause movement of the hydraulic 
cylinder. This could be a feature if decompression of a load is 
required. The configuration shown in Figure 12 performs the 
same function but eliminates leakage through the diametrical 
clearances. 


CYLINDER 





Figure 11. Leakage from Cylinder to 'B' Port 





Figure 12, Мо Leakage 





С. STROKE ADJUSTMENT COVERS 


Directional covers with stroke adjustment provide flow regula- 
tion and directional control in a single unit. Flow regulation is 
obtained by limiting the travel or stroke of the insert spool. 
Essentially, an adjustable throttle or variable orifice is created. 
The throttle opening is set by the position of a pin which 
extents into the cartridge insert spring chamber. The pin forms 
a stop to prevent the spool from fully opening. 


Four (4) types of adjusters are available: adjustment rod, 
adjustment rod with cap, micrometer knob, апа micrometer 
knob with key lock. Refer to Figure 13 for basic stroke adjuster 
construction and parts. Micrometer knobs provide precise 
incremental control and the capability of returning to a 
previous setting when desired. 


Figure 13. Stroke Adjustment Covers 


D. PILOT VALVE INTERFACE COVERS 


Cartridge valve covers with a pilot directional valve interface 
on top are available in all sizes except 16mm. The 25 and 40mm 
covers have an NFPA-DOI interface for mounting a DG4V-3 
pilot valve (see Figure 14). The 50 and 63mm covers have a 
NFPA-D02 interface which takes a DG484-01* pilot valve (see 
Figure 15). The 16mm cover is to small for a pilot valve mount- 
ing pad. 


NOTE 
The 25 and 40mm covers connect auxiliary 
port Z1 with the insert spring chamber 
while the 50 and 63mm covers connect the 
Z2 port with the insert spring chamber. 
This is due to the difference in pilot valve 
port patterns. 




















NFPA-D01 COVER 
25-40 mm 






Figure 14. Directional Valves with NFPA-DOI Interface Pads 





ORIFICE 


t 
1 





| 











E. PILOT OPERATED CHECK COVER 


The pilot operated check valve can be applied in much the same 
manner as other pilot operated checks available on the market. 
Three (3) pilot ports are used: 


1. The “Х“ port is drilled in the manifold to the pilot 





signal. 
2. The 'Y" port is drilled in the manifold to connect with 
the *B' port of the insert kit. 


3. The 'Z1' port is normally connected to a drain line or 
tank port. 


a simple check valve. Flow can pass from ‘A’ to ‘В’ (if the 
pressure in the “А” port is greater than the pressure in the 'B' 
port plus the spring force). Flow is blocked from “В” to ‘A’ (see 
Figure 16). 


When there is 1 pilot signal to the valve, in effect we have 


piston moves lifting the check valve ball from its seat} This 
drains pilot sprirjg area ‘AP’, E the ‘A’ port is pressurized, 
flow will pass from ‘A’ to 'B' (all area ratios). If ‘В’ port is 
pressurized, flow will pass from “В” to ‘A’ providing thb area 
ratio is 1:1.1 or 1:2. The pilot piston has an area 3.4 times the 


When sufficient pilot pressure is applied to the "X" zi the 


LOCATING PIN 


NFPA-D02 COVER 


l 
| 
Е БЕРЕ пе: Қ” — T 1 " 
' 


DG454-01 


PILOT INTERFACE COVER 
50/63MM 


Figure 15. Directional Valves with NFPA-D02 Interface Pads 


seat area of the check valve, This means that when system 
pressure is 3.4 times the pilot pressure, the pilot piston and ball 
are in pressure balance. 


Make sure a pressure greater than one third (1/4) of system 
pressure is available for use as pilot pressure. The pilot pressure 
may go as high as 5000 PSIG. 


F. SHUTTLE VALVE COVERS (Standard) 


|А shuttle valve cover is a device which will take the higher of 
itwo pilot pressures and direct it to pilot spring area ‘АР’. А 
schematic diagram of the shuttle valve is shown in Figure 17. 
Тһе ‘X’ pilot port and the ‘Y’ pilot port feed fluid to each end 
of the shuttle. The spring chamber (port “АР”) is connected to 
һе center section of the shuttle, The ‘Z? port is also connected 
Ito the center section of the shuttle, 


(A sectional view of the shuttle cover is shown in Figure 18.) 


|А seat is pressed into the cover bore and a ball is MOON The 
outer plug is then threaded into the cover. The outer plug con- 
ltains the ball/seat that is located between pilot (spring) area 
‘АР’ and the *Y* port. See schematic diagram Figure 17. Ап 
"О" ring and back-up ring located on the plug, prevents 
[leakage between the ‘AP’ and ‘У’ port areas; another **О” ring 
Iprevents external leakage. 








DRAIN НОТЕ 





Ф Figure 16. 'X' Part Pressure to Zero (0). Operate as a Standard Check Valve. 


UG 


"oT 





(P Figure 17. Shuttle Valve Schematic Diagram Figure 18. Shuttle Valves with Standard Covers 


G. SHUTTLE VALVE COVERS WITH МЕРА-001 AND 
NFPA-D02 INTERFACES 


A shuttle valve With a directional valve connected tọ the 
NFPA-DO* interface expands a basic check valve to a 
check/on/off device. A (1:2 ratio) circuit using this con igura- 
tion is shown in Figure 19. The circuit operates as iit b 





Figure 19. Мо Flow Permitted with Solenoid De-energize 


| 


CYLINDER 


Figure 20. Standard Check Valve Action 
| with Solenoid Energized 





When the solenoid is de-energized, the highest pressure in port 
Ж” or 'Y' is transmitted through the shuttle valve to pilot area 
"АР". This means the valve is closed, If ‘A’ and “В” were at 
equal pressures, the spring force would keep the valve closed. 
At any other pressure condition of ‘A’ or “В”, the highest 
pressure will be applied to the pilot area (AP) of the spool and 
а hydraulic closing force plus the spring force will keep the 
spool closed. 


When the solenoid valve is energized, the pilot port labelled *Y"* 

Is drained. Pressure from the 'B' port will keep the ball resting 

on the seat on the *Ү” port side of the shuttle valve. Flow from 
the pump 5 allowed to pass through the cartridge to the 
cylinder. Flow is blocked from the cylinder back to the pump. 
Standard check valve action, see Figure 20.) 


Shuttle covers are available in the 16, 25, and 40mm sizes. They 

re not available in the 50 and 63mm sizes. Two configurations 
bf the shuttle valve are available (type 1 and type 2). The dif- 
erence between the two is an assembly change which picks up 
he '22' port from a different location in the cover (see Figures 
21 and 22). The change from one assembly configuration to the 
other is made by exchanging the location of a solid plug and is 
ot visible without removing external plugs from the cover. In 
ome cases, the cover will have to be removed from the 
ші to determine cover type. 


DIRECTIONAL VALVE 


SOLID PLUG *A' PORT 


DEEP BBLOCKED 
= T 


— 


Figure 21. Z2 Connected to А Port of Directional 
Valve and to ‘AP’ Pilot Spring Chamber 














Н. CARTRIDGE VALVE INSERT KIT 


А basic cartridge valve insert kit consists of a sleeve, spring and 
spool. The cartridge valve insert kit has three major areas 
called ‘A’ port, ‘B’ port and ‘AP’ pilot port. The ‘A’ port area 
is the circular area defined by the seat inside diameter. The 'B' 
port area is the annular area between the seat ID and the out- 
side diameter of the spool. The 'X' port is connected to the 
pilot spring area ‘AP’ which is the circular area defined by the 
diameter of the spool. Pressure on the ‘АР’ area plus spring 
force hold the spool against the seat. Pressure on the ‘A’ and 
'B' areas tend to lift the spool off the seat allowing flow 
through the valve. See Figure 23 for a sectional view of the ‘A’, 
‘В’, and ‘АР’ areas. 


---т-- 


| 





Figure 22. Z2 Connected to ‘P’ Port of Directional Valve 


Ад: Ар=1:2 Ад: Ар=1:1.1 





Figure 23. Cartridge Valve Insert КИ Area Ratios Defined 
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Section IV - INSTALLATION АМО OPERATING INSTRUCTIONS 


A. INSTALLATION DRAWINGS - The installation draw- 
ings listed in Table 1 show installation dimensions and port 
locations. 


B. MOUNTING - Cartridge valves are designed to be installed 
into manifolds with most circuit connections within the 
manifold. This minimizes external circuit connections and pro- 
vides a very compact package. Each cartridge valve installation 
is unique for a specific application. Many valve functions can 
be included within the manifold. 


C. PIPING AND TUBING - If a cartridge valve manifold 
is actuator mounted, only pressure and tank lines will be 
required. АП pipés and tubing must be throughly cleaned along 
with the passages within the manifold, Recommended mithods 
of cleaning are sandblasting, wire brushing, pickling and power 
flushing. 


NOTE 
For instruction on pickling, refer to 
instrudtion sheet 1221-5. 


1. To minimize flow resistance and possibility of leakage, 
only as many fittings and connections as are necessary for pro- 
per installation should be used. 


2. The number of bends in tubing should be kept to a 
minimum to prevent excessive turbulence and friction of oil 
flow. Tubing must not be bent too sharply. The recommended 
radius for bends|is three times the inside diameter of the tube. 


D. HYDRAULIC FLUID RECOMMENDATIONS 
GENERAL DATA 


Oil in a hydrauli¢ system performs the dual function of lubrica- 
tion and transmifsion of power, It constitutes a vital factor in a 
hydraulic system], and careful selection of it should be made 
with the assistante of a reputable supplier. Proper selection of 
oil assures satisfactory life and operation of system com- 


ponents, Any о)! selected for use with valves must also be 
acceptable for the system pumping source and actuator. 


Data sheet 1-286-5 for oil selection is available from Sperry 
Vickers Technical Publications, Troy, Michigan. 


Oil recommendations noted in the data sheet is based рп our 


experience in industry as a hydraulic component manufacturer. 


Where special considerations indicate a need to depart from the 
recommended ojis or operating conditions, see your Sperry 
Vickers representative, 

CLEANLINESS 


Thorough precautions should always be observed to insure the 
hydraulic system) is clean: 


1. Clean (flush) entire new system to remove |paint, 
metal chips, welding shot, ctc. 


2. Filter eałh change of oi! to prevent introduction of 
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contaminants into the system. 


3. Provide continuous oil filtration to remove sludge and 
products of wear and corrosion generated during the life of the 
|system, 

4. Provide continuous protection of system from entry of 

airborne contamination, by sealing the system and/or by pro- 
per filtration of the air. 


5. During usage, proper oil filling and servicing of filters, 
breathers, reservoirs, etc., cannot be over emphasized. 


6. Thorough precaution should be taken, by proper 
system and reservoir design, to insure that aeration of the oil 
will be kept to a minimum. 


SOUND LEVEL 


Noise is only indirectly affected by the fluid selection, but the 
condition of the fluid is important in obtaining optimum 
reduction of system sound levels. 


Some of the major factors affecting the fluid conditions that 
cause the loudest noises in a hydraulic system are: 


1. Very high viscosities at start-up temperatures can cause 
pump noises due to cavitation. 


2. Running with a moderately high viscosity fluid will 
impede the release of entrained air. The fluid will not be corn- 
pletely purged of such air in the time it remains in the reservoir 
before recycling through the system. 


3. Aerated fluid can be caused by ingestion of air through 
the pipe joints of inlet lines, high velocity discharge lines, 
cylinder rod packings, or by fluid discharging above the fluid 
level in the reservoir. Air in the fluid causes a noise similiar to 
cavitation. 


E. OVERLOAD PROTECTION 


Relief valves limit pressure in the system to a prescribed max- 
imum and protect components from excessive pressure. The 
setting of the relief valve depends on the work requirements of 
the system components. 


F. REPLACEMENT PARTS 


Reliable operation throughout the specified operating range is 
assured only if genuine Sperry Vickers paris are used. 
Sophisticated design processes and material are used in the 
manufacture of our parts, Substitutions may result in early 
failure. 


G. TROUBLESHOOTING 


By applying the basic operating principles discussed up to this 
point a technician can in a relatively short time become profi- 
cient in the troubleshooting of cartridge valve circuits. Basi- 
cally, the cartridge valve is a check valve and the pilot valve 
controls the various pressures and forces that open or close tlic 


check. 














Section V - SERVICE AND MAINTENANCE 


A. SERVICE TOOLS 
STANDARD TOOLS 


1. Torque wrench with hex bit adapter sockets. (Refer to 
unit being repaired and use appropriate torque 


wrench.) 
SIZE/mm 





Table 8. Torque Wrench Size 


Set of U.S. and metric hex key wrenches 
Set of small pin punches 

3/8” ratchet with sockets 

Small ball peen hammer 

25.4 mm (1 inch) micrometer 

Metric ruler 


SPECIAL TOOLS - No special tools required. 
B. INSPECTION 


* 


л ре 


Periodic inspection of the fluid condition and tube or piping 
connections can save time-consuming breakdowns and un- 
necessary parts replacement. The following should be checked 
regularly: 


1. All hydraulic connections must be kept tight. A loose 
connection in a pressure line will permit the fluid to leak out. If 
the fluid level becomes so low as to uncover the inlet pipe open- 
ing in the reservoir, extensive damage to the pump can result. 
In suction or return lines, loose connections permit air to be 
drawn into the system resulting in noisy and/or erratic 
operation. 


2. Clean fluid is the best insurance for long service life. 
Therefore, the reservoir should be checked periodically for dirt 
or other contaminants. If the fluid becomes contaminated, the 


system should be drained and the reservoir cleaned before ne 
fluid is added. 


3. Filter elements also should be checked and replaced 
periodically, A clogged filter element results in a higher 
pressure drop. This can Гогсе particles through the filter which 
would ordinarily be trapped, or can cause the by-pass to open, 
resulting in partial or complete loss of filtration. 


4. Air bubbles in the reservoir can ruin the pump and 
other system components. If bubbles are seen, locate the source 
of the air and seal the leak. 


5. A unit which is running excessively hot or noisy is a 
potential failure. Should a unit become noisy or overheated, 
the machine should be shut down immediately and the cause of 
improper operation corrected. 


C. ADDING FLUID TO THE SYSTEM 


When hydraulic fluid is added to replenish the system, it 
should always be poured through a fine wire screen (200 mesh 
or finer) or preferably pumped through a 10 micron (absolute) 
filter. 


It is important that the fluid be clean and free of any substance 
which could cause improper operation or wear of the hydraulic 
unit. Therefore, the use of cloth to strain the fluid should be 
avoided to prevent lint getting into the system. 


D. ADJUSTMENTS 


The only adjustment provided is a unit that has stroke adjust- 
ment capability. Stroke adjusters will limit the poppet travel 
and react as an uncompensated flow regulator in the circuit. 
Directional valves using the stroke adjustment feature can be 
tuned to the desired response through the use of the stroke 
adjuster. Adjustment of the fixed orifices used within the 
system will probably not be required since the system is tuned 
and the orifices determined during the system design phase. 


E. LUBRICATION 


Internal lubrication is provided by the fluid in the system. 
Lubrication of external adjusters will not be required. 


Section VI - OVERHAUL 


WARNING 
Before breaking a circuit connection, 
make sure that power is off and system 
pressure has been released. Lower all ver- 
tical cylinders, discharge accumulators, 
and block any load whose movement 
could generate pressure. 


CAUTION 
Absolute cleanliness is essential when 
working on a hydraulic system. Always 
work in a clean area. The presence of dirt 
and foreign materials in the system can 
result in serious damage or inadequate 
operation, 


NOTE 
Discard and replace all “O” rings, 
gaskets and back-up rings removed during 
disassembly. 


A. STANDARD COVERS 


Disassemble and assemble the standard covers according to 
item number sequence. No special procedures are required for 
this type cover. See Figure 24 for exploded view of the cover 
and associated part numbers. 


B. COVERS WITH STROKE ADJUSTMENT 


Disassemble and assemble covers with stroke adjustment 
according to item number sequence (see Figure 25). Special 
procedures are required for disassembly and assembly of the 
micrometer knob units. Refer to Figure 26 and the associated 
assembly/disassembly procedures if the micrometer knob 
requires repair. 
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Standard Covers 
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Figure 24. Standard Cover Parts 
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Covers with Stroke Adjustment 








580007 580008 
| 25 mm | 580046 580047 
| 40 mm | 


NOTE: BOLTS NOT 
INCLUDED IN 
COVER 5/ А 








Figure 25. Covers with Stroke Adjustment 





WITH WITH ADJ WITH WITH 
к-зы Не b ADJUSTING KNOB & ADJUSTING | ADJUSTING 
KNOB KEYLOCK ROD & САР ROD 


580086 
589121 
589144 
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Stroke Adjustment Parts 


ITEM PART | ||| Аја SIZES = _ = 
NO DESCRIPTION [40 mm [50 mm | 63 mm | 
BOLT KIT 590708 


| 590708 | 
тегіс 
| (580) | 
| === 
| —— | 
| —— | 
| 197628 | 





90710 
EX 90711 
Torque to (N. m) | (35) | 
m 2 | KNOBS/A 7. [1764615 | 764617 | 
а 3 | 461 
la 4 | 
la 5 | 


-1 


| = 
KNOB with KEYLOCK S/A | 64618 | —— | 
| ——— | 
191588 |197628 
ГА 6 | 
62607 | 762607 | ——— | 


le 8 | 761190 |761190 | 783770 | 763727 
le 9 | 
ADAPTER | 

Torque to 


9 
RETAINING RING | 81----! 
CIRCLIP | 762487 
WASHER | Г---- | —— [761192 | 163690 | 163726 


Lond TJ 
in| сз 
|. 
eo 
= = 
J 


197630 
154017 


-1|-2 


сл 
=] 


m 
= 
= 
e 





+19 
"О" RING I 200083 | 200085 | 200085 | 200103 
271787 | 271801 | 271863 | 271873 


"О" RING I 
NAMEPLATE | [——— | —— [168958 [168958 





Figure 25. Parts Information 





4INCLUDED IN SEAL KIT. SEE TABLE 16 FOR KIT NUMBERS. 


в KITS - STROKE ADJUSTERS WITH KNOB OR WITH KNOB AND KEYLOCK, 
KNOB ASSEMBLY & DISASSEMBLY PROCEDURES SHOWN ON FOLLOWING PAGE. 


TORQUE CONVERSION Ва ла (APPROXIMATELY) 10. ft. = .74 x N. m 
* NOT AVAILABLE FOR SALE 


* FOR OTHER SIZES ОҒ ORIFICE SEE TABLE 9. ORIFICES ARE AVAILABLE 
ONLY AS PART OF AN ORIFICE KIT, 
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Stroke Adjuster with Micrometer Knob and 
Stroke Adjuster with Micrometer Knob and Keylock 


13 


DESCRIPTION ITEM DESCRIPTION 
ROLLPIN Ф 12 RATCHET PLATE 
KNOB * 13 BALL 
SCALE RING *14 SPRING 
BOLT #15 SCALE 
KEY LOCK #16 ADAPTER 
ROLLPIN a$ 17 "О" RING 
ROLLPIN +e 18 "О" RING 
ROLLPIN #19 ADJUSTING PIN 
ADJUSTING ROD 4e20 "О" RING 
ROLLPIN ae 21 BACK-UP RING 
RETAINING RING 





Figure 26. Exploded View 


@ INDIVIDUAL ITEMS ARE NOT AVAILABLE AS SPARE PARTS, BUT 
ARE CONTAINED IN KITS. REFER TO FIGURE 25. 


a INCLUDED IN SEAL KITS. SEE TABLE 16 FOR KIT NUMBERS. 
*MICROMETER KNOB AND KEYLOCK SEAL KIT NO. 920232 
F3 EQUIVALENT SEAL KIT NO. 920233 


DEE SEEREN 


zi 








Stroke Adjuster with Micrometer Knob Stroke Adjuster with Micrometer Knob and Keylock 
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DISASSEMBLY PROCEDURE FOR MICROMETER|KNOB 
TYPE STROKE ADJUSTER (Refer to Figure 26) 
| 
1, Push wil (1) into bolt (4). 
2. Pull adjuster knob (2) and scale ring (3) from assembly 
to expose adjusjment rod (9) and bolt (4). 


3. Push rbllpin (6) through adjustment rod (9) and 
thread adjustment rod and bolt counterclockwise from adapter 
(16). Press rollpin (1) through bolt. Retain rollpins (1 & 6) Гог 
assembly. 


4. Push two rollpins (10) into adapter (16) just enough to 
remove retaining ring (11). Remove retaining ring, ratchet plate 
(12), ball (13), $pring (14) and scale (15). 


5. Thread|adapter (16) from cover and remove ‘О’ rings 
(14) and (18). Discard the "0" rings. 


6. Press two rollpins (10) through adapter (16) into the 
center threaded area and remove. Retain the rollpins for 
assembly. 


7. Slide adjusting pin (19) from adapter (16). 


В. pus ‘О’ ring (20) and back-up ring (21) from 
within adapter (16) and discard. 


ASSEMBLY PROCEDURE FOR MICROMETER KNOB 
TYPE STROKE ADJUSTER (Refer to Figure 26) 


1. Obtainia seal kit and install back-up ring (21) and ‘О’ 
ring (20) within adapter (16). Lubricate seals with system fluid. 


2. Insert ádjusting pin (19) into adapter (16). 


3. Install 'O' rings (18) and (17) on adapter (16) and 
thread in place within the cover. Torque to 100 N.m (73 Ib. ft.). 


4. Install kcale (15) in place over “О” ring (17). Make sure 
scale is oriente correctly. 


5. Lubrichte spring (14), ball (13) and ratchet plate (12) 
with petroleum jelly and install in place. Place retaining ring 
(L1) over the [ratchet plate and align гоНріп holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press past flush or the adjuster will bind. 


6. Lubrichte and thread adjustment rod (9) апа bolt 
clockwise into adapter (16). Make sure tang of ratchet plate is 
in alignment with groove of adjustment rod. Thread adjust- 
ment rod in urjtil rollpin hole of adjusting pin is in alignment 
with hole in thé adjustment rod. Install тойіріп (6) into hole and 
center as shown in Figure 26 sectional view. Move the adjust- 
ment rod, the adjusting pin should rotate. This verifies correct 
alignment. | 


7. Install knob (2) and scale ring (3) as an assembly over 
bolt (4). Hold Adjusting pin (19) and align rollpin hold (1) with 
opening in Бой (4). Install rollpin (1) flush with outside of 
knob (2). 


DISASSEMBLY PROCEDURE FOR MICROMETER KNOB 
WITH KEYLOCK TYPE STROKE ADJUSTER (Refer to 
Figure 26) 


1. Unlock adjuster knob (2) with key (5) and rotate knob 
to engage deteht, less than one turn. 


2. Push rpllpin (7) into adjustment rod (9). 


3. Lock adjuster knob (2) and remove key (5). Pull adjus- 
ter knob (2), scale ring (3), arid keylock (5) from assembly to 
expose adjustment rod (9). 


4. Push rollpins (6 and 7) through adjustment rod (9), 
then thread adjustment rod (9) counterclockwise from adapter 


(16). 


5. Push two rollpins (10) into adapter (16) just enough to 
remove retaining ring (11). Remove retaining ring, ratchet plate 
(12), ball (13), spring (14) and scale (15). 


6. Thread adapter (16) from cover and remove ‘Q’ rings 
(17 and 18). Discard the “О” rings. 


7. Press two rolipins (10) through adapter (16) into the 
center threaded area and remove. Retain the rollpins for 
assembly. 


8. Slide adjusting pin (19) from adapter (16). 


9, Remove 'O' ring (20) and back-up ring (21) from 
within adapter (16) and discard. 


ASSEMBLY PROCEDURE FOR MICROMETER KNOB 
WITH KEYLOCK TYPE STROKE ADJUSTER (Refer to 
Figure 26) 


1. Obtain a seal kit and install back-up ring (21) and ‘О’ 
ring (20) within adapter (16). Lubricate seals with system fluid. 


2. Insert adjusting pin (19) into adapter (16). 


3, Install ‘О’ ring (18 and 17) on adapter (16) and thread 
in place within the cover. Torque to 100 N.m (73 Ib. ft.). 


4. Install scale (15) in place over *O' ring (17). Make sure 
scale is oriented correctly. 


5. Lubricate spring (14), ball (13) and ratchet plate (12) 
with petroleum jelly and install in place. Place retaining ring 
(11) over the ratchet plate and align rollpin holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press rollpins (10) past flush or the adjuster will bind. 


6. Lubricate and thread adjustment rod (9) into adapter 
(16). Make sure tang of ratchet plate is in alignment with 
groove of adjustment rod. Thread adjustment rod in until 
rollpin hole of adjusting pin is in alignment with hole in adjust- 
ment rod. Install rolipin (6) into hole and center as shown in 
Figure 26 sectional view. Move the adjustment rod, the 
adjusting pin should rotate. This verifies correct alignment. 


7. Lock the keylock located within knob (2). Install knob 
(2) with keylock (5) and scale ring (3) over adjusting rod (9). 
Turn key to uniock and rotate knob until detent locks in place 
within the adjusting rod (less than one full turn). Install rolipin 
(7) in place flush with outside of knob (2). DO NOT press past 
flush or knob may bind. Lock knob, the knob should rotate 
freely in the locked condition. 


C. COVERS WITH PILOT VALVE INTERFACE 


Disassemble cover according to item number sequence shown 
in Figure 27. 


NOTE 
Refer to parts drawings shown in Table 10 
for pilot valve information. 











Covers with NFPA-D01(ISO-4401-3)/ NFPA-D02 (ISO-4401-5) interface 


• Рша 14 Used on 
25 & 40mm 50 & 63mm 


50/63 mm 
VALVE SIZE IN (mm 


COVER PARTS 180-4401 -3)/ | (ISO-4401-5)/ 
МЕРА -D01 NFPA-D02 
ITEM PART INTERFACE | INTERFACE 
NO. DESCRIPTION | 25 mm | 40 mm | 50 mm | 63 mm | 
BOLT inch 


KIT metric 
Torque to (N. m) | (110) | (500) | (580) | (1200) | 
STD. ORIFICE — [761186 [162863 | | —— | 
pe [398071 | 398071 [315932 [315932 | 
Г БЕО) | бнЕОТ) | 

orqueto | __(10 N. mj | GON m) | 


STD. ORIFICE [ —— | —— [813806 | 764969 
[eem] 


| SCREW 2 ВЕСТ) | 46351 | 46351 | 46351 | 
"о" RING 
| (4 REQ'D) |  (3REQ'D) | 
| NAMEPLATE (158958 | ——— | ——— |——— | 
PLUG (2 REQ'D) | ——— | ——— [343740 | 343740 | 
Torque to (М. m) | ——— | —— | (15) | (15) | 
215 —|"O" RING @ REQ'D)| —— | — [154128 [154126 | 


Figure 27. Covers with NFPA-DOI(ISO-4401-3)/NFPA-DO2(ISO-4401-5) Interface 





4 INCLUDED IN SEAL KIT. SEE TABLE 18 


+ NOT AVAILABLE FOR SALE FOR KIT NUMBERS. 
* FOR OTHER SIZES OF ORIFICES TORQUE CONVERSION FACTOR (APPROX- 
(p SEE TABLE 9, IMATELY) №. ft, =.74 x N, m 
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ШЕ МЕРА-001 

| | MODEL PARTS DWG 

|БОЙУ-3-А/В/С-10| 1-3529-5 | 
| 1-3520-5 | 


[DGAV-3-N-i1 | 
[DG4V-3-A-12 — | 136295 | 
IDG4V-3-B/C-12. | 1-3630-5 | 
[DG4V-3-N-12 — | 1-3631-5 | 







| | NEFPADO2 Ää 
| | MODEL _ [PARTS DWG. 
IDG4$4-01*A-W-10 i] 1-3557-5 








IDG48401*A-50 | І-4755 | 
IDG484-01*C-50 | 1347755 _ 
ро40“ыЛ || 134715 | 


Table 10. Pilot Valve Information 


D. COVERS WITH PILOT OPERATED CHECK VALVES 
NOTE 

Refer to Figure 28 during the disassembly 

and slsembly instruction that follow. 


numerical sequence as shown on Figure 28. 
(Note: DO NOT remove plug (9) from cover (5).) Disdard all 
seals, Obtain a new seal kit prior to assembly. See Table 16 Гог 
seal kit numbers. 


ASSEMBLY 


CAUTION 

Assembly of check valve parts (14 through 
21) is Hifficult so be sure to follow instruc- 
efully. The ball and spool can fall 
out of position and jam during installa- 
NOT force plug (21) at assembly. 


te internal parts with clean hydraulic fluid. 
2. Install keals (18, 19 and 20) on plug (21). 


3. Secure роуег (5) into a vise with cover bore thataccom- 
modates parts (14 through 21) facing up. 


4. Install seat (14) into cover (5) as shown. Gently tap 
seat into place With a suitable nylon or brass rod. 


5, Apply ћ heavy amount of petroleum jelly or equiva- 
lent on ball (15]. Install the ball into seat (14). 


faces down. Make sure the ball stays in place inside the seat. 


6. Reverst cover position (180°) in the vise so cover bore 
7. Install spring (17) and spool (16) into plug (21). 
8. Carefully insert plug (21) into cover bore. Thread plug 
into cover about three full turns. 


9, Obtain a small pin and insert into the opposite bore 
and apply pressure against ball (15). Push on the pin to com- 
press spring (17) and at the same time thread plug (21) into 
cover (5). Do not force plug if И seems to bind before reaching 
its full engagement. The spool (16) can fall out of position and 
may bind the рјиг. 


10. Compress and decompress the spring (17) with the pin 
to verify proper operation after assembly. When the pin is 
removed, the ball must rest against seat (14). Final torque plug 
(21) as noted in the parts tabulation of Figure 28. 


11. Insert pilot spool (24) into cover as shown. Install 
spacer (23) into cover on 25 and 40 mm models only. 


12. Assemble seal (25) on plug (22). Install plug into cover 
and torque as noted in parts tabulation. 


13. Assemble remaining parts (13 through 2) in reverse 
order of disassembly. Be sure to torque plug (4) as noted in the 
parts table, Figure 28. 


E. COVERS WITH SHUTTLE VALVES 


NOTE 

Disassemble according to item number 
sequence shown in Figure 29. Assemble 
according to reverse item number 
sequence. Lubricate all parts with system 
fluid at assembly. Torque all plugs and 
bolts as noted in parts tabulation of 
Figure 29. 


CAUTION 
DO NOT attempt removal of plug (10). 
The plug is bonded in position and must 
not be removed. 


F. COVERS WITH SHUTTLE VALVE AND PILOT VALVE 
INTERFACE 


NOTE 

Disassemble according to item number 
sequence shown in Figure 30. Assemble 
according to reverse item number 
sequence. Lubricate all parts with system 
fluid at assembly. Torque ай plugs and 
bolts as noted in parts tabulation of 
Figure 30. 


CAUTION 
DO NOT attempt removal of plugs (7 or 
8). The plugs are bonded in position and 
must not be removed. 


NOTE 
Refer to parts drawings shown in Table 11 
for pilot valve information. 











NFPA-D01 (ISO-4401-3) Interface 


DG4V-3-N-1i 
DG4V-3-A-12 
DG4V-3-N-12 






Table 11. Pilot Valve Information 











Covers with Pilot Operated Check Valve 


ipm + 


РАНТ 
50. | __рвестетон |16 mm 25mm | 40 ma 


finch) | 590700 | 590704 | 590706 | 
BOLT KIT (metric) | | 590705 | 5907707 | 
Torque to (М. m) | (35) | (110) | (500) | 
2 - 25| COVER ASSEMBLY [580011 | 580052 | 580087 | 
Ф 2 | SCREW @REQ'D) — | 46351 | 46 | 46351 | 
PLUG ( 
Torque to 


Г (о | 


МЕЛ И ae 
: | ——— [— | (10) | 
ROLLPIN | 161236 | 226797 | 226797 
STANDARD ORIFICE 761623 | 761166 | 162863 
161031 


"о" RING [119347 | 154026 
"a "о" RING 1154124 | 154124 | 154124 
а oi: 


Quantit 





CHECK VALVE PARTS 
16,25, 2 40 mm SIZES 


ET ius er 
DESCRIPTION NO. 
|• 14 | SEAT — [60882 | 
|• 15 | BALL |1651 | 
|17 | SPRING | 

| "О" RING | 


PLUG 
Torque to (N. m) | 


| SPACER (16 mm) | 
| SPACER (25 mm) | 
160928 


118” 

а 19 | 

Ea 

|e22 | PLUG | 
jo 24 | 

[a 25 | "О" RING 


4INCLUDED IN SEAL KIT. SEE TABLE 16 FOR 


€ NOT AVAILABLE FOR SALE 


ж FOR OTHER SIZES OF ORIFICE SEE TABLE 9. 
ORIFICES AVAILABLE ONLY AS PART OF AN 
ORIFICE KIT, 


KIT NUMBERS. 


TORQUE CONVERSION FACTOR (APPROXI- 
MATELY) 1b, ft. =.74x М. т 


a THIS PLUG IS BONDED WITH A SPECIAL 
COMPOUND. IT IS NOT TO BE REMOVED. 





Figure 28. Covers with Pilot Operated Check Valve 


Соуегв мл 


Shuttle Valves 


ITEM PART 
"зо. | | pzscmrprow |16 mm |25 mm |40 mm | 


BOLT | 

KIT metric) [590701 | 590705 | 590107. 

. Torqueto (N m) | (35) | (110) | (500) | 

|2 -20| COVER ASSEMBLY |580010 | 580049 | 580089 | 
ea PLUG | —— | === | 3980 | 
. Тогаие to (№. m) | — | — | (10) | 


; [315982 |315932 | 
que to (N. m) | @0 | (30) | (30) | 
* 7 |ROLLPIN — — [161236 | 226797 | 228197 | 


Q [N п) | (10) | (10) | (10) | 
| —— — | 161031 | 
| "О" RING (3 REQ'D) [200082 | 200083 | 200085 | 


TC" RING 
1 or 2 REQ'D 


[154128 | 
154124 | 154124 | 154124 | 
SESS | (ОИ 








=j 


" 
| 


ТЕЛЕ 


FA 
FA 





ЖШ 





SHUTTLE VALVE PARTS 
16, 25, & 40 mm SIZES 





a 19 5805 
PLUG 


. Torque to (N. m) | (150) | 


% NOT AVAILABLE FOR SALE 


ж FOR OTHER SIZES OF ORIFICE SEE 
TABLE 9, ORIFICES AVAILABLE 
ONLY AS PART OF A KIT. 


4 INCLUDED ІМ SEAL KIT. SEE 
TABLE 16 FOR KIT NUMBERS. 


TORQUE CONVERSION FACTOR (AP- 
PROXIMATELY) b. ft. = . 74 x N. m 


a THIS PLUG IS BONDED WITH А 
SPECIAL COMPOUND. IT IS NOT 
TO BE REMOVED, 


Figure 29, Covers with Shuttle Valves 








Covers with Shuttle Valve and NFPA-DO1 (ISO-4401-3) Interface 


PLUGS FOR PILOT PASSAGES 


25 & 40 SIZES 


PART COVER TYPE 
DESCRIPTION 


CENTER PLUG | 761031 


ASSEMBLY TYPE SHUTTLE VALVE PARTS 
25 & 40 mm SIZES 


PLUG (4 REQ'D ITEM PART PART 
Torque to (N. m) | NO. | DESCRIPTION | NO 
ROLLPIN 
| BALL | 


18 | 
PLUG #19 | BALL 
Torque to (М. m) | [420 | "О" RING 


COVER 421 


[422 | USIT RING 760934 
PLUG 
Torque to (N. m) | (150 
• МОТ AVAILABLE FOR SALE 


* FOR OTHER SIZES OF ORIFICES 
SEE TABLE 9, ORIFICES AVAIL- 
ABLE ONLY AS PART OF A KIT. 
a INCLUDED ІМ SEAL KIT. SEE 
sTHIS PLUG IS BONDED WITH A TABLE 16 FOR KIT NUMBERS. 
SPE L COMPOUND. IT IS NOT 
TO d REMOVED. TORQUE CONVERSION FACTOR 
(APPROXIMATELY) ІҺ ft. = .74xN,m 


154124 


кі 
сл 
> 
© 
со 
со 


| 154124 | 





Figure 30. Covers with Shuttle Valve and NFPA-DO1 (ISO-4401-3) Interface 
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б. DETERMINING CARTRIDGE VALVE INSERT KIT to determine the spring number. Refer to Table 13. 
ASSEMBLY NUMBER 


CAUTION 

The pssembly number stamped into the 
covet determines cover parts only. Each 
cover assembly can be used with up to 
thirtden. (13) different cartridge valve 
insert kit assemblies. To determine the 
cartridge valve insert kit used in your 
valve, perform the following steps. 





1. Determine cartridge valve metric size: Measure across 
the large diameter of the sleeve. See Table 12 for valve size. 


SIZEl(mm) | INCH [SIZE (mm) | INCH 






[ 16 __ 1.260 | 9 | 
| 25 __| 1.771 | 63 __| 4.724 | 
Table 12. Valve Metric Size xs | р 
Table 13. Determining Spring (3) Type (See Figure 31) 
2. After size of the valve is determined, refer to the car- 5 m | 1 
tridge insert exploded view Figure 31 and sectional views Figure 4. With valve metric size, area ratio and spring number, 
32. There are five different cartridge insert configurations to determine cracking pressure (A to B) from spring, Table 14. 
choose from, Compare your parts to the ones shown. This will у — a É 
give you the “ТҮРЕ” and “АВЕА RATIO". 5. With valve metric size, area ratio and cracking pres- 
sure, determine kit assembly number from cartridge insert kit, 
Table 15. 





3. Measute the spring (3) wire diameter with a micrometer 








POPPET TYPE & AREA RATIO 


5 | 1 | 1:2 11,1 
роо ПЕМ DESCRIPTION EL PIE WITH ORIFICE TYPE 
and TD. өр METERING | (withstd. orifice 
| 780970 | _ 













Sleeve | °! 180970 
162990 
763612 [в — | 
763709 | 763710 
25 mm | 580267 | 580078 | 580079 | 580018 | 580078 | 
519942 
| 589104 | 
| = = = 











[i 
w 
ғ 
` 
ГА 
E! 





ФМОТ AVAILABLE FOR 






SALE (ORDER INSERT = = 
KIT) р жə 
“Gee ra IN SEAL KIT æ, +4 
(SEE TABLE 1 ' FOR 7 
KIT N ERS j 58 
em — 
E > > 
| ae 
AAG Q 
; 2N р 
CD СУ €D 
| D ањ => 
qam . ur 








Figure 31. Exploded View of Main Stage Cartridge Showing Spool and Sleeves 
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AREA RATIO АА:Ар CRACKING PRESSURE А--В 





Table 14. Cracking Pressures (*A' to ‘B’ Flow) 





See Table 17. 


with metering with orifice 





Figure 32. Sectional View of Main Stage Cartridge Kit 






Cartridge Insert Kits (REFER ТО SECTIONAL HE 32.) 
AREA CRACKING 


RATIO PRESSURE bar 

Aap [ A-B [ВА | | 16mm | 25 mm [40mm | 50 mm | 
519976 | 580259 | 580321 | —— | 
580019 580064 | 579929 589111 


| — | | 

ESS 

| — [1580020 | 580065 589135 
T odi | 2.7 | — | 1580021 [580066 | 579931 | 589113 | 589136 

[0.5 | 5 

[ 2.5 | 























589134 


ЕТЕ p eus Д | [580022 [1580067 | 579932 | 589114 | 589137 
[| 12 | 2.5 | [580023 | 580068 | 579933 | 589115 | 589138 
| 1:2 T 6.0 | 5.0 | 580024 | 580069 | 579934 | 589116 | 589139 
DAMPING (WITH METERING 

[|| 5:2 | 0.5 | 
ІШЕР Енеме ПИН ИВ | 580071 
pa 
В p 





| | 580029 | 580074 | 579939 
[580075 | 519940 











| 05 _ 
[ 2.5 _ 
[5.0 | 
[ — || 580028 | 580073 | 579938 | 
исси 
=== 


NOTE: 1 bar = 14. 5 PSI 





Table 15. Tabulation of L Valve Cartridge Kits 


Seals/ 
Seal Kit Complete 


DESCRIPTION imm | 25 mm | 40 mm | 


| 50 mm | 63 mm | 

[45 | BACK-UP RING (2 REQ'D 
„яв | "o RnG | 179347 | 154026 | 154086 | 154040 | 154049] 
27 | BACK-UP RING C НЕОФ) | 271726 | 271734 | 271790 | 271794 | 271863 
в | "o RNG — | 19982 | 151733 | 154079 | 154083 | 154040] 
Г- [E STANDARD Sear kor | ФИ | Н Р и | 980008 [920010 
ЕЗ EQUIVALENT | 920173 | 920115 | 920177 | 920208 | 920210 | 


















Ta 16. Tabulation of Seal Kits. Refer o Figure 31. NOTE: Cover seals are included in the above seal kits. 





Standard 





n ORIFICE [SE (mam) —  — —  ] 
Orifice NO. | size (mm) | Emm | 25/40 mm | 50 лып T03 mm 
"61024-17. 761166 | —— | 


Table 17. Standard Spool Orifices 


*Refér to Table 9 for Orifice Kit Information. 























| Removal of valve poppet from 
sleeve, This groove may be 
usedto apply either an ехігас- 
tor or hooks. 


Removal of valve sleeve from 
block. This groove may be 
used to apply either an extrac- 
tor or hooks. 


Sleeves size 40 and up can be 
removed by fastening an ex- 
tractor to the 2 tapped holes, 


MEASUREMENTS 





VALVE — с T A O O O 
SIZE 

16mm. 18 

| 25 mm | 





ee ——————————— 
To insure sustained efficiency and maximum trouble-free life of this precision equipment, initial and continuous 


filtration of the fluid medium to 25 microns absolute or less is essential. (For information pertaining to Sperry 


Vickers economical filters, see bulletin 81-216. ) 
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Section | - INTRODUCTION 


A. PURPOSE OF MANUAL 


This manual describes basic operation characteristics and pro- 
vides service and overhaul information for Sperry Vickers car- 
tridge type pressure relief valves, 


B. GENERAL INFORMATION 


Related Publications - Installation dimensions are not con- 
tained in this manual. Cartridge valve installation drawings are 
listed in Table 1. Installation drawings are available from any 
Sperry Vickers engineering office or from: 


Sperry Vickers 
Technical Publications 
1401 Crooks Road 
Troy, МІ 48084 








УАГУЕ ТҮРЕ INSTALLATION DRAWINGS 










Pressure [lómm | 25mm | 40mm | 
Relief Installation information is 





shown in advertising brochure 
317. 


Table 1. Related Publications 
C. MODEL CODES 


Valve 





The model code, Table 2a, depicts cover variables. 


The model number stamped into the cover nameplate does not 
identify the cartridge valve insert. To identify standard car- 
tridge insert parts, refer to Section I-B-2 and Table 11, of this 
manual. The cartridge insert model code is shown in Table 2b. 


MODEL CODE BREAKDOWN 
CVC-**.**.92.*. ***. 40. tee | eae 


Cartridge Valve Cover 


Valve Size (mm) 
-25 
-40 


Function 
C - Relief Valve 
С! - Relief, МЕРА-001/ 
ISO-4401-3 Interface 
(25mm and 40mm only) 


S = SAE Thread Plugs 


2 — ISO 3601 Seals 


Adjustment Devices 
-M - Micrometer Knob 
-K - Micrometer Knob with Keylock 
-W - Locknut 


Orifices 
Pilot ports are X, Y, & 2, 
10 = 1.0 mm Orifice 
99 — No Orifice 


00 = Plug 
Examples: 
X10 = Orifice 1.0 mm in 
the X port 
Y99 = No orifice in the 
Y port 


200 = Plug in the Z port 
Model Suffix 


Design Number 


Pressure Range (bar) 
125 5-125 bar 
245 5-245 bar 
350 5-350 bar 


Table 2а. Cover Model Code Breakdown 





MODEL CODE BREAKDOWN 
СМІ. **-*-2- 10. *** 


ЕЕ Suffix 


Design Number 


Cartridge Valve Insert 


Valve Size (mm 


-25 
-40 
Seals 
2 - ISO 3601 


Function 
-D10 with H Spring (2.25 bar) 


Table 2b. Cartridge Valvd Insert Model Code Breakdown 














Section || - DESCRIPTION 


A. GENERAL 


Cartridge relief valves are constructed in two sections. One sec- 
tion is called the cover section which contains the pilot valve 
adjustment mechanism for controlling pressure. The other sec- 
tion is a cartridge valve insert section. Spool diameters of 
l6mm, 25mm, and 40mm are available. 


Cover parts also vary according to valve size and type of ad- 
juster. The following adjusters are available (see Table 3). An 
exploded view showing item numbers for disassembly and 
assembly sequence can be found in Section VI. 

FIGURE 


MANUAL 
ADJUSTER TYPE NUMBER 


With Locknut 
With Micrometer Knob | 09 | 
With Micrometer Knob & Key | _ 9 | 


Table 3. Location of Adjuster Exploded Views 











B. VALVE CONSTRUCTION 


NOTE 
Cartridge relief valve covers are mounted 
to the manifold with four (4) cap screws. 
The cover retains the valve insert within 
the manifold cavity. 


1. Standard Covers - The cover S/A contains the pressure 
relief valve pilot stage (head), consisting of a seat, poppet, 
spring, orifice, seals, adjuster mechanism and vent connection 
(see Figure 1). 


ADJUSTER MECHANISM 
(LOCKNUT TYPE 
ADJUSTING 
SCREW SHOWN) 


CONNECTS TO Z PORT 
VENT CONNECTION 


DAMPENING ORIFiCE 
CONTROL ORIFICE 
CAP SCREW (BOLT KIT) 


Figure 1. Relief Valve Pilot Stage Head (Standard Cover) 





2. Standard Cartridge Insert Construction - Cartridge 
relief valve inserts are constructed as shown in Figure 2. The 
entire cartridge insert is placed within a manifold designed and 
drilled to provide the necessary port openings and operating 
circuit. Each cartridge valve insert is comprised of a sleeve, 
spool, spring and associated seals. 


а. The sleeve contains ‘О’ ring grooves, port open- 
ings and a seat for the spool. 


b. Тһе standard spool area ratio is 1:1. This means 
that the outside diameter (O.D.) of the spool is the same 
throughout its length, A spool with a 1:1 ratio requires the 
same pressure on top and bottom to be in pressure balance. 


NOTE 
In some special instances, spool ratios 
other than the standard 1:1 are used. If 
your cartridge insert is not a 1:1 ratio as 
shown in Figure 2, refer to drawing 
1-3638-S for identification of the cartridge 
insert subassembly used in your unit. 


с. The spring holds the spool against its seat in the 


pressure balanced condition. 





Figure2. Cartridge Insert Kit Exploded and Sectional Views 
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3 





A. STANDARD RELIEF VALVE 


Figure 3 illustrátes valve operation. The pressure setting of the 
valve is determined by the position of the adjusting screw 
which varies spring compression. 


In normal operhtion, the “В” port is connected to tank.|The “А” 
and ‘X’ ports| аге interconnected within the manifoid and 
system pressuré is present at 'A'. 

The system prejsure at ‘A’ port is fed to the “Х” port and com- 
municated thróugh the control orifice into area ‘АР’. Area 
‘AP’ is located directly above the cartridge insert spgol. This 
allows the carttidge insert spool to be in hydraulic balance and 
held against its seat by a light spring. NOTE: The orifice 
located in the ‘AP’ areas feed passage, is used to slow reac- 
tion time of tht spool and prevents instability. 


When system pressure at “А” exceeds the cover spring etting it 
forces the pildt poppet away from its seat. Fluid ill flow 
through the cdntrol orifice across the poppet into the spring 
chamber, and from the spring chamber through the “Ұз port to 
tank. Flow through the control orifice develops a presgure drop 
that subtracts from system pressure. The orifice pressure drop 
prevents pressure in the ‘AP’ area from rising above pilot pop- 
pet cracking pressure. When system pressure at the “А” port ex- 
ceeds pressure pf the ‘AP’ area sufficiently, the cartridge insert 
spool wil! lift dnd throttle fluid from ‘A’ to ‘В’, the tank port. 
This relieves system pressure at ‘А’, 


B. VENT FUNCTION 


Venting the valve by opening area “АР” to tank will permit 
flow to occur from ‘A’ to 'B' at a low pressure. NOTE: Vent 
pressure is li ited only by the light spring of the cariridge in- 
sert spool plug any back pressure present in the vent line. The 
‘AP’ area is connected internally within the cover to the '2' 
port. Opening the *Z' port to tank vents the valve, 


C. MODEL |VARIATIONS USING THE NFPA-DO1/ISO- 
4401-3 INTERFACE COVER 


NOTE 
Varjous other cartridge relief valve con- 
figurations exist. These valves function 
similarly to the basic relief valve with 
the exceptions noted in the following 








Section Ill - PRINCIPLES OF OPERATION 
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Figure 3. Pressure Relief Function with Manual Adjustment and Venting Feature 














1. Pressure Relief and Venting Functions with Electrical 
Selection (See Figure 4) - An offset directional valve is attached 
to the relief valve cover interface and controls valve functions. 
When the valve solenoid is de-energized, the relief valve is 
vented to tank through the directional valve P-B ports. If the 
solenoid is energized, the *P' port is blocked and the valve 
operates at the relief valve pressure setting. The ‘Z’ port is a 
remote vent connection. Block the ‘Z’ port if the remote vent 
feature is not used. 


2. Pressure Relief High and Low Adjustable Settings Plus 
Venting by Electrical Selection (See Figure 5) - In this con- 
figuration, a spring centered directional valve controls two 
relief valve pilot stages to provide two different relief 
pressures. Also, in the de-energized condition of the solenoids, 
the relief valve is vented to tank. 


The 'Z' port is a remote vent connection. Block the “27 port if 
the remote vent feature is not used. 


The highest pressure setting is controlled by the pilot valve 
located in the cartridge valve interface cover and the low 
pressure setting is controlled by the module sandwiched be- 
tween the directional valve and the cover interface, At least 
10.3 bar (150 PSIG) spread is required between the high and 


low pressure settings to prevent interaction. 


3. Electrically Modulated Relief Valve Function (See 
Figure 6) - The cartridge valve МЕРА -001/150-4401-3 inter- 
face cover accommodates the CGE-02-*-22 electrically 
modulated relief valve. This valve can be remotely controlled 
by a micro-computer or a regulated power supply with 
appropriate voltage/current control. Normally as current in- 
creases, pressure drop across the CGE valve increases. This will 
cause the cartridge relief valve pressure to follow the CGE 
valve. 


Pressure drop across the CGE valve cannot exceed the manual 
relief pressure setting of the cartridge valve. 


The CGE-02-*-22 electrically modulated relief valve is designed 
for 207 bar (3000 PSIG) operation in the standard valve con- 
figuration. Special valves are available to extend this range 
through 345 bar (5000 PSIG). 


The 'Z' port is a remote vent connection. Block the '2' port if 
the remote vent feature is not used. 


A solid (M6 metric) plug (part number 471131) or SAE hex key 
plug (310169) must be installed into the “В” port opening of the 
interface cover. 


OFFSET DIRECTIONAL VALVE DG4V-3-*A-(LH) SERIES 


TANK PORT 
PASSAGE 


Церово 
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ORIFICE 


ADJUSTER MECHANISM 
MICROMETER KNOB 
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Pressure relief and venting 
functions. with electrical 
selection 





Figure4. Pressure Relief and Vent Function with Electrical Selection 
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Figure 5. Pressure Relief High and Low won Settings Plus Venting by Electrical Selection. 








CGE-02-*-22 (Remote Electrical Modulated Pressure Control) 


471131 Plug (Metric 
310169 Plug (SAE) 
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CONTROL ORIFICE 
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471131 Зона Plug (Metric) 
310169 Solid Plug (SAE) 


Locating Pin 





Figure6. Electrically Modulated Relief Function 


Section IV - INSTALLATION AND OPERATING INSTRUCTIONS 


A. INSTALLATION DRAWINGS - The installation draw- 
ings listed in Table 1 show installation dimensions and port 
locations. 


B. MOUNTING - Cartridge relief valves are designed to be 
installed into manifolds with most circuit connections within 
the manifold. This minimizes external circuit connections and 
provides a very compact package. Each cartridge relibf valve 
installation is unique for a specific application. Майу other 
valve function. can be included within the same manifold. 


| 
C. PIPING AND TUBING- На cartridge relief valve is 
part of a manifold system that is actuator mounted, only 
pressure and tank lines will be required. All pipes and tubing 
must be thoroughly cleaned along with all passages within the 
manifold. Recommended methods of cleaning arb sand- 
blasting, wire Brushing, pickling and power flushing. | 


NOTE | 

Бог |nstruction оп pickling, refer to in- | 
struction sheet 1221-5. | 

1. То minimize flow resistance and the possibility of leak- 

age, only as many fittings and connections as are necessary for 
proper installation should be used. | 


2. The number of bends in tubing should be kept to a 
minimum to prevent excessive turbulence and friction of oil 
flow. Tubing must not be bent too sharply. The recommended 
radius for bends is three times the inside diameter of the tube. 


D. HYDRAULIC FLUID RECOMMENDATIONS | 
GENERAL DATA | 


Oil in a hydraulic system performs the dual function of lubrica- 
tion and transmission of power. It constitutes a vital factor in а 
hydraulic system, and careful selection of it should Не made 
with the assistance of a reputable supplier. Proper selection of 
oil assures satisfactory life and operation of system com- 
ponents. Any ой selected for use with relief valves must also be 
acceptable for (he system pumping source and actuator. 


| 
Data sheet I-286-S for oil selection is available from Sperry 
Vickers Technical Publications, Troy, MI. 


Oil recommendations noted in the data sheet is based|on our 
experience in industry as a hydraulic component manufacturer. 
Where special cbnsiderations indicate a need to depart from the 
recommended bils or operating conditions, see your Sperry 
Vickers representative. 


| 
CLEANLINESS 


Thorough precautions should always be observed to insure the 
hydraulic system is clean: 


1. Clean (flush) entire new systern to remove paint, metal 
chips, welding bhot, etc. 





2. Filter each change of oil to prevent introduction of 
contaminants into the system. 


3. Provide continuous oil filtration to remove sludge and 
products of wear and corrosion generated during the life of the 
system. 


4. Provide continuous protection of system from entry of 
airborne contamination by sealing the system and/or by proper 
filtration of the air. 


5. During usage, proper oil filling and servicing of filters, 
breathers, reservoirs, etc. cannot be over emphasized. 


SOUND LEVEL 


Noise is only indirectly affected by the fluid selection, but the 
condition of the fluid is of paramount importance in obtaining 
optimum reduction of system sound levels. 


Some of the тајог factors affecting the fluid conditions that 
cause the loudest noises in a hydraulic systein are: 


1. Very high viscosities at start-up temperatures can cause 
pump noises due to cavitation. 


2. Running with a moderately high viscosity fluid will 
impede the release of entrained air. The fluid will not be com- 
pletely purged of such air in the time it remains in the reservoir 
before recycling through the system. 


3. Aerated fluid can be caused by ingestion of air through 
the pipe joints of inlet lines, high velocity discharge lines, 
cylinder rod packings, or by fluid discharging above the fluid 
level in the reservoir. Air in the fluid causes a noise similiar to 
cavitation. 


E. OVERLOAD PROTECTION 


The cartridge relief valve limits pressure in the system to а 
prescribed maximum and protects components from excessive 
pressure. The setting of the cartridge relief valve depends on 
the design and work requirements of the system. 


F. REPLACEMENT PARTS 


Reliable operation throughout the specified operating range is 
assured only if genuine Sperry Vickers parts are used, 
Sophisticated design pracesses and material are used in the 
manufacture of our parts. Substitutions may result in early 
failure. 


G. TROUBLESHOOTING 


By applying the basic operating principles discussed up to this 
point, a technician can in a relatively short time become profi- 
cient in the troubleshooting of cartridge relief valve circuits. 
Basically, the relief valve is a check valve and the pilot valve 
cover arrangement controls the various pressures that open and 
close the cartridge check valve. 














MICROMETER KNOB 16, 24, & 40 mm Shown 


WITH KEYLOCK 


MICROMETER 


BLOCKNUT 


83 


ORIFICE EX 50/ 63 
SIZE mm 
mm) 
| Plug (solid) | 35633 | 812 |675169 | 
| 05 | 635132 |635149 | 
| 635133 | 635150 | 


|. 06 | 
635134 [635151 
| 0.8 | 635135 [635152 |635173 


| 09 | ——]635153| —— | 
| 10 | 635136 | 635154 | 635174 


| 11 | 8351371635155 | ——— | 
[| — 1.2 | 635138 |635156 | 
а 635157 
На. 635116 
-e НИЯ 635177 
ES 


= 
ше ресін 63 m 


835115 


615958 


A CARTRIDGE 
INSERT 
KIT 


PARTS NOTED WITH А SYMBOL 
ARE AVAILABLE ONLY IN KITS, 


$ PARTS GENERALLY NOT AVAILABLE 
FOR SPARES, FOR REFERENCE ONLY. 





Figure 7. Exploded View of Relief Valve 


ITEM PART NO. PART NO. РАНТ NO. 









































NO. lmm 25mm Отт 
1 SEE TABLE 9 
SEE FIGURE 11 
a 2 | 162607 762607 162607 
m 3 161190 161190 181190 
m 4 162918 162918 162918 
e 579922 519922 579922 
(Torque to 100 М. m - 74 № it.) 
m 6 162919 162919 162919 
a7 262350 262350 262350 
a 8 197588 197588 197588 
А 9 262355 262355 262355 
10 762936 162936 162936 
+11 814573 814513 814513 
12 162935 162935 162935 
ө13 | 762920 162920 162920 
214 762928 126928 126928 
162929 162929 162929 
162930 162930 162930 
•15 762921 762921 762921 
916 290057 290057 290057 
17 329463 329463 329462 
(Torque to 54-59 М, m - 40-43 Ib. й.) 
A18 263497 263497 263497 
e19 162922 162922 162922 
#20 591768 591768 591768 
(Porque to 9. В - 10.2 N, m - 87-90 Ib. ft.) 
A21 154124 154124 154124 
$22 591768 
(Torque to 9. 8 - 10. 2 М. m - 87-90 Ib. ft. ) 
A23 263492 
*e24 635158 
25 SEE TABLE 10 
SEE TABLE 12 
+26 161236 226191 226797 
x2 635135 635152 
e28 199082 199082 199082 
@29 |АХ-36212 AX -36212 AX -36212 
x30 812 
431 === 398071 
(Torque to 9. 8 - 10.2 N. m - 87-90 Ib. ft.) 
^32 154124 
*%33 635138 635156 635159 
А34 200082 200083 200085 
A35 179347 154126 154086 
436 271732 271787 271795 
A31 580041 580082 580329 
A38 762927 762990 163056 
А39 579983 580267 580238 
АА40 271732 271787 271795 
AA41 179347 154026 154086 
лл42 | 271732 271787 9717195 
A543 271728 271734 271790 
A444 199812 151733 154079 
AA45 271728 271734 271790 
4920172 920174 920176 
920173 920175 920177 


m941472 941472 841472 
9941473 941473 941473 
*926281 9262 82 926283 


DESCRIPTION 


Bolt Kit (Cover) 
Bolt Kit (Directional Valve) 
Cap 
Locknut 
Adjusting Screw 
dapter 


Bolt Adjustment 

'lo" Ring 

Back Up Ring 

ЧО" Ring 

Micrometer Knob & Keylock S/A 
Keys 

Micrometer Knob 5/А 
Shims 

5 -125 bar Spring 

5 - 245 bar Spring 

5 - 350 bar Spring 
Washer 

Poppet 

Plug (SAE) 


"О" Ring 
Seat 
Plug (SAE) 


"о" Ring 
Plug (SAE) 


"O" Ring 


Control Orifice (DO NOT REMOVE) 


Cover - Standard 

Cover - Interface 

Rest Pin 

Control Orifice (DO NOT REMOVE) 
Nameplate 

Screws 

Plug (DO NOT REMOVE) 

Plug (SAE) 


YO" Ring 
Dampening Orifice 
УО" Ring 
"О" Ring 
Back Up Ring 
pring 
Spool 
Sleeve 
Back Up Ring 
"O" Ring 
Back Up Ring 
l'O" Ring 
бо" Ring 
Back Up Ring 
SEAL KIT (includes parts witha ) 
F3 Equivalent SEAL KIT 


A(Cartridge Valve Insert Kit, See Table 11) 


Locknut Adjuster Kit 
Poppet & Seal Kit 


Orifice Kit (See Figure 7) 


Figure 7. Relief Valve Cover Parts List 


10 


UNITS/ 


ASSEMBLY 


кн ка на 


~ 
Un 


ыы 


ПРИ и и 


ге ти = к 





(2) 











Section V - SERVICE AND MAINTENANCE 


A. SERVICE TOOLS 


1. Torque wrench with hex bit adapter sockets. (Refer to 
unit being repaired and use the appropriate torque wrench.) 


Torque (Maximum) 

| 16 | 
| 25 | 
| 40 | 


Table 8. Maximum Torque Wrench Size Required 


Set of U.S. and metric hex key wrenches 

Set of small pin punches 

3/8 inch ratchet with sockets 

Small ball peen hammer 

Metric ruler 

. 3/8 inch length of brass rod (approx. 15 cm (6 in.) long) 


SPECIAL TOOLS - No special tools required. 


B. INSPECTION 


Periodic inspection of the fluid condition and tube or piping 
connections can save time-consuming breakdowns and un- 
necessary parts replacement. The following should be checked 
regularly: 

1. All hydraulic connections must be kept tight. A loose 
connection in a pressure line will permit the fluid to leak ош, If 
the fluid level becomes so low as to uncover the inlet pipe open- 
ing in the reservoir, extensive damage to the pump can result, 
In suction or return lines, loose connections permit air to be 
drawn into the system resulting in noisy and/or erratic 
operation. 









D, REM 


2. Clean fluid is the best insurance for long service life. 
Therefore, the reservoir should be checked periodically for dirt 
or other contaminants. 


If the fluid becomes contaminated, the system should be 
drained and the reservoir cleaned before new fluid is added. 


3. Filter elements also should be checked and replaced 
periodically. A clogged filter element results in a higher 
pressure drop. This can force particles through the filter which 
would ordinarily be trapped, or can cause the by-pass to open, 
resulting in partial or complete loss of filtration. 


4. Air bubbles in the reservoir can ruin system compo- 
nents. If bubbles are seen, locate the source of the air and seal 
the leak. 


5. A unit which is running excessively hot or noisy is a 
potential failure. Should a unit become noisy or overheated, 
the machine should be shut down immediately and the cause of 
improper operation corrected. 


C. ADDING FLUID TO THE SYSTEM 


When hydraulic fluid is added to replenish the system, it 
should always be poured through a fine wire screen (200 mesh 
or finer) or preferably pumped through a 10 micron (absolute) 
filter. 


It is important that the fluid be clean and free of any substance 
which could cause improper operation or wear of the hydraulic 
unit. Therefore, the use of cloth to strain the fluid should be 
avoided to prevent lint getting into the system. 


D. ADJUSTMENTS 


Manual adjustments are provided to adjust system pressure. 
The adjustment of fixed orifices will not be required. System 
orifices are determined during design of the equipment. 


E. LUBRICATION 
Internal lubrication is provided by the fluid in the system. 


Lubrication of external adjusters is required on a periodic 
basis. 


Section VI - OVERHAUL 


CAUTION 
Before breaking a circuit connection, 
make sure that power is off and system 
pressure has been released. Lower all ver- 
tical cylinders, discharge accumulators, 
and block any load whose movement 
could generate pressure. 


CAUTION 
Absolute cleanliness is essential when 
working with a hydraulic system. Always 
work in a clean area. The presence of dirt 
and foreign materials in the system can 
result in serious damage or inadequate 
operation. 


NOTE 
Discard and replace all *О' rings and 
back-up rings removed during 
disassembly. 


A. COVER REMOVAL 


Loosen and remove the four cover bolts, item (1) in Figure 7. 
Pull cover from the manifold. Do not remove cartridge insert 
at this time. 





B. SUBASSEMBLIES AVAILABLE FOR CARTRIDGE 
VALVES WITH STANDARD COVERS 
Cover Bolt Kits, 
See Table 9, 


Standard Cover, 
See Table 10 (STANDARD COVER 


Cartridge Valve 


CARTRIDGE VALVE 
INSERT 
1:1 RATIO 


Insert, See 
Table 11. 


For ratio's other than 1:1, 
refer to drawing 1-3638-5. 


Figure 8 


| TYPE | 16mm | 25mm | 40mm | 
| mm _ [590703 | 590705 | 590707 | 


TOR ме 25 А. m [TION m. m | 500 №. m | 
que 76 ]b. ft. | 81 Ib. ft. | 368 Ib. ft. 


Table 9, 
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| STANDARD COVERS 


COVER NO. 
| [COVER | PRESSURE MICROMETER | MICRO KNOB 
RANGE. | LOCKNUT & KEYLOCK | ВЕРЕНЕМСЕ) 


| 5 -125 bar | 579952 972958 579961 


Е: == 519958 579950 579962 


€ 579982 


579958 579960 579963 


5 -3 а Баг | 579994 


КЕ зла Баг | 579992 519998 580226 
579993 579999 580227 


+ 580266 
580228 


| __580225 ____ 
| ERUIT 580270 580285 580288 


580280 580286 580289 





Ф 580327 


58028 580287 580290 


Table 10, 





iy ry 
TRIDGE VALVE n ILE КІТ5 
| 116тт | 


Table 11. 





C. REMOVAL OF ADJUSTER MECHANISMS FROM 
COVER (Refer to Figure 7) 


1. Locknut Adjuster - Remove locknut adjuster parts (2 
through 9) іп numerical sequence. 


2. Micrometer Knob - Refer to Figure 9. 


a. Push rollpin (1) into bolt (4). 


b. ull adjuster knob (2) and scale ring (3) from 
assembly to expose adjustment rod (9) and bolt (4). 


с. ush гоЙр (6) through adjustment г id (9) and 
thread adjustment rod and bolt counterclockwise from adapter 
(16). Press rallpin (1) through bolt. Retain rollpins (1 & 6) for 
assembly. 


d. Push two rollpins (10) into adapter | (16) just 
enough to remove retaining ring (11). Remove retaining ring, 
ratchet plate (12), ball (13), spring (14) and scale (15). 


е. Thread adapter (16) from cover and remove *О' 
rings (17 & 18). Discard the ‘О’ rings. 


f. Press two rollpins (10) through adapter (16) into 
the center threaded area and remove. Retain the rdilpins for 
assembly. 


g. Slide adjusting pin (19) from adapter (16). 


h. emove 'O' ring (20) and back-up ring (21) from 
within adaptér (16) and discard. 


3. Micrometer Knob with Keylock - Refer to іш 9 
а. riim adjuster knob (2) with key (5) and rotate 
knob to а: е detent (less than опе turn). 
Bush rollpin (7) into adjustment rod (9). 
оск adjuster knob (2) and remove кеў (5). Pull 


adjuster сына keylock (5) from assembly to expo: e adjust- 
ment rod (9). 


d. Push rollpins (6 & 7) through adjustment rod (9), 
then thread adjustment rod (9) counterclockwise from adapter 


(16). 


e. Push two rollpins (10) into adapter (16) just 
enough to remove retaining ring (11). Remove retaining ring, 
ratchet plate [12), ball (13), spring (14) and scale (15). 
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€ Not Available for Spares 


f. Thread adapter (16) from cover and remove ‘О’ 
rings (17 & 18). Discard the ‘О’ rings. 


g. Press two rollpins (10) through adapter (16) into 
the center threaded area and remove. Retain the rollpins for 
assembly. 


h. Slide adjusting pin (19) from adapter (16). 


i. Remove 'O' ring (20) and back-up ring (21) from 
within adapter (16) and discard. 


D. REMOVAL OF STANDARD AND INTERFACE 
COVER PARTS (Refer to Figure 7) 


1. Remove parts (13 through 18) in numerical sequence. 


2. DO NOT remove seat (19) unless inspection of poppet 
(16) reveals a problem. 


3. Remove plug and 'O' ring (20 & 21). 


NOTE 
The following step (4) pertains to 40mm 
valves only. 


4. Remove plug and 'O' ring (22 & 23). DO NOT remove 
orifice plug (24). Orifices are bonded in place with a special 
compound. 


5. DO NOT remove rest pin (26) [rom cover (25) unless 
it is damaged. 


NOTE 
DO NOT remove orifices 27, 30 and 33. 
Orifices are bonded in place with а special 
compound. 


6. DO NOT remove nameplate (28) or screws (29) from 
cover. These parts are not available as service items. 


NOTE 
The following step (7) pertains to the 
40mm size valves only. 


7. Remove plug and ‘О’ ring (31 & 32). 
8. Remove seals (34 through 36) and discard. 
NOTE 
The following step (9) pertains to inter- 
face cover units only. 
9. Remove directional control, or electrically modulated 


pressure control attaching screws. Separate the valve parts 
from the cover. Discard *О' rings. 














Micrometer Knob and 
Micrometer Knob and Keylock 
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ITEM DESCRIPTION ITEM DESCRIPTION 
* ROLLPIN 912 RATCHET PLATE 
KNOB 913 БАШ. 

SCALE RING 914 SPRING 

BOLT +15 SCALE 
KEYLOCK 9168 ADAPTER 
ROLLPIN 417 "О" RING 
ROLLPIN 18  "O" RING 
ROLLPIN 19 ADJUSTING PIN 
ADJUSTING ROD 20  "O" RING 
ROLLPIN 21 BACK UP RING 
RET AINING RING 


+ + +++ 
ф Co -1 0» єл ь ба ба = 


Ф Ф 
ші нш 
= СӘ 





Figure 9. Exploded View 


€ INDIVIDUAL ITEMS ARE NOT AVAILABLE AS SPARE PARTS. 
REFER TO FIGURE 7, PARTS TABULATION, FOR ADJUSTER 5/ А8. 


A INCLUDED IN SEAL KITS, 
MICROMETER KNOB AND KEYLOCK SEAL KIT 920233 





Adjuster Micrometer Adjuster Micrometer Knob and Keylock 
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E. DISASSEMBLY ОҒ LOW PRESSURE MODULE (See 
Figure 10) 


| 
1. Disassemble the manual adjusters as noted in Section 
УІ-С. 


2. Remove parts (13 through 18) in numerical sequence. 
| 


3. DO МОТ remove seat (19) unless inspection of poppet 
(16) reveals а problem. 


4. DO E. remove nameplate (21) or screws (22). These 


parts are пой available as service items. 
| 
5. ро NOT remove rest pin (23) unless it is damaged. 
6. Remóve and discard face seals (24). 



























la 920257 





Seal Kit Includes parts 
noted witha 

F3 Equivalent seal kit 
Locknut adjuster kit 
Poppet & Seat kit 






920258 
941472 
941473 
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€ PARTS GENERALLY NOT AVAILABLE FOR 
SPARES, FOR REFERENCE ONLY. 


PARTS NOTED WITH А PREFIX SYMBOL 
ARE AVAILABLE ONLY IN KITS. 












DIRECTIONAL 


ITEM PART UNITS/ 
NC. NO. DESCRIPTION ASS'Y 
1 Bolt Kit (Fig. 11) 1 
во 762607 Сар 1 
из 861190 Lock Nut 1 
m4 162018 Adjusting Screw 1 
ш 5 570922 Adapter 1 
(Torque to 100 М. m(73. 7 Ib. ft. ) 
m 6 762919 Вой Adjustment 1 
А Т 262350 "О" Ring 1 
4 8 197588 Back Up Ring 1 
A 9 262355 "О" Ring 1 
10 1762936 Micrometer Knob & 
Keylock S/ À 
11 814573 Keys 1 set (2) 
12 162935 Micrometer Knob 1 
e13 762920 Shims A/R 
14 162928 5 -125bar Spring 1 
162929 5 - 245 bar Spring 1 
162930 5 - 350 bar Spring 1 
215 162921 Washer 1 
816 290057 Poppet 1 
+17 329463 Plug (SAE) 1 
(Torque to 54-59 М. m, 40-43 lb. ft.) 
418 263497 "O" Ring 1 
819 162922 Seat i 
#20 580036 Воду 1 
#21 199082 Nameplate 1 
22 AX-36212 Screw 2 
23 472553 Rest Pin 1 
A24 154006 "O" Ring 4 





Figure 10, Exploded View of Low Pressure Module Assembly. 















F. REMOVAL OF CARTRIDGE INSERT FROM THE ing removal. 
MANIFOLD (See Figure 7) 
3, Remove and discard sealing parts (40 through 45) in 


1. Remove spring (37) and spool (38) from sleeve (39). item number sequence. 
2. Insert two hooked tools (hex key wrenches) into the *B' G. SUBASSEMBLIES AVAILABLE FOR CARTRIDGE 
port openings of sleeve (39). Pull sleeve from the manifold. Be VALVES WITH INTERFACE COVERS (See Figure 11) 


careful not to scratch the inside surface finish of the sleeve dur- 


Valve Bolt Rits Valve Bolt Kits Valve & Module Bolt Kits 
Inch 225698 Inch 466849 Inch 486851 


| mm 255699 | Torque 4,5-6 mm 466838 
Torque to 5. 6 М. п1(40-53 Ib. in) Torque 5.6 N, m (50 lb, in. ) 
Nm (50 ib. in.) 


DUAL PRESSURE W/VENT 
DG4V -3-0C -**-12 
DIRECTIONAL VALVE 


VENT VALVE ELECTRICALLY 
DG4V -3-6A-** -12 MODULATED 


DIRECTIONAL RELIEF VALVE CARTRIDGE VALVE 
VALVE CGE -02 -20 MODULE S/A 


Cover Bolt Kit 
See Table 9 
NFPA -D01/ISO-4401 -3 Cartridge Valve Module 
Interface Covers INTERFACE COVER See Table 13. 
See Table 12 


Cartridge Valve CARTRIDGE INSERT For Ratio's other than 1:1, 
Insert , See Table 11 S/A. 1:1 RATIO Refer to drawing I-3638-S, 





Figure 11, 









МЕРА -р01/150-4401 -3 INTERFACE COVERS СОУЕН 
COVER | PRESSURE MICROMETER | MICRO. КМОВ 
RANGE | LOCKNUT & KEYLOCK | PREFERENCE) 
5 - 125bar | 580259 | 580232 | 58035 | 
580230 | 580233 | 580236 % 580265 
= Г 580231 [580234 580237 


5 -125bar | 580291 580294 58029'7 
€ 580326 










5 -245bar 580292 580295 580298 
580293 580296 580299 


сл 
о 
сл 
e 
m= 
Б 

ч 


5 - 350bar 





€ Not Available for Spares. 
Table 12, 








CARTRIDGE VALVE MODULE 8/А Е 
COVER | PRESSURE MICROMETER | MICRO. KNOB 
RANGE | LOCKNUT KNOB & KEYLOCK | (REFERENCE) 
25mm [5 - 1255аг | 580031 580076 580261 162928 


& 5 - 245bar 580032 580077 _ 580323 | 162929 
40mm | 5 -350bar 580033 580092 580324 162930 


Table 13. 
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| 
Н. INSPECTION REPAIR AND REPLACEMENT 


NOTE 
Replace all parts that do not meet the 
following specifications. 


CAUTION 

РО) NOT intermix parts from different 
valves or parts of a single valve. Poppets, 
springs and shims along with the cartridge 
spobls are mated parts. Poppets and 
spopls develop a wear pattern and may 
leak if interchanged to a different position 
in the valve, 


NOTE 

All| arts must be thoroughly cleaned and 
kept clean during inspection and 
assembly. The close tolerance of the parts 
makes this requirement very important. 

1 all removed parts using а commer- 
cial| solvent that is compatible with the 
system fluid. Compressed air may be used 
in dleaning, but it must be filtered to 
rembve water and contamination. Clean 
v qe air is particularly useful in 
cleaning the cover orifices, and manifold 
passages. 


1. Inspe¢t all components for wear, erosio: and/or 
seizure. Inspett manifold for burrs and sharp edges that may 
cause a sealing problem. 

2. inspect adjuster mechanism parts for wear. Replace 
the complete mechanism if parts are found unfit for service. 


3. Inspett springs (14 & 37) to be square and straight. 
Replace springs that show evidence of wear. 


4. Inspett the cartridge insert spool (38) for pear and 
erosion of thé seat area. If wear is evident, replace the com- 
plete cartridge insert kit. 

5. Ifa pilot poppet (16) requires replacement, replace the 
poppet and sgat (19) as a set. Refer to Figure 7. To replace the 
seat, use a brass rod and press or drive the seat гот the body 
or cover. The new seat should be lubricated with system fluid 
and pressed го the bore until it bottoms against а shoulder 
within the бойу or cover. 


prior to inst&llation within the cover. The following is an 


If the seat is dion the new poppet must be mated to the seat 
explanation af the mating operation: 


a. lace the seat on a flat metal surface with the seat 
poppet opening up. 


b. Position the poppet within the seat and hold the 
stem vertical рпа centered. 


с. Тар the end of the poppet a couple of times with a 
small hammer. 


sion around ijs perimeter. If the contact impression is broken, 


d. emove the poppet and observe a contact impres- 
repeat the máting operation. 


relief valve сдуег or body to remove any debris that may have 


e. stall seat (19) into the cover and clean up the 
developed during the installation. 
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|. CARTRIDGE VALVE ASSEMBLY (Refer to Figure 7) 


NOTE 
Obtain a complete seal kit for the unit 
being repaired. Refer to Figure 7 for the 
seal kit information. 


NOTE 
Assembly is accomplished in the reverse 
item number sequence. Special pro- 
cedures are noted in the following text. 


1. Install sealing parts (45 through 40) on sleeve (39). 
Lubricate with system fluid to facilitate assembly. 


2. Install sleeve (39) within the manifold. Some difficulty 
may be encountered due to the "О" rings and back-up rings. А 
hardwood block and large "С" clamp may be useful during 
installation of the sleeve. 


3. Install spool (38) and spring (37) into the sleeve. Cover 
with paper to prevent contamination until assembly of the 
cover is accomplished. 


4. Assemble back-up ring (36) and 'O' ring groove of the 
cover. 


NOTE 
The following step (5) pertains to 40mm 
interface covers only. 


5. Install ‘O° ring (32) on plug (31) and thread in place 
within cover (25). Torque plug to 3.4-4.0 N.m (30-35 16. in.). 


NOTE 
The following step (5) pertains to both 
standard and interface 40mm covers. 


6. install "0" ring (23) on plug (22) and thread in place 
within cover (25). Torque to 3.4-4.0 N.m (30-35 Ib. in.). 


7. Install *O" ring (21) on plug (20) and thread in place. 
Torque to 3.4-4.0 N.m (30-35 Ib, in.). 


B. Install *O" ring (18) on plug (17) and thread in place. 
Torque to 39 N.m (28.7 Ib. ft.). 


9. Install washer (16) over poppet (17) with stamped 
sharp edge toward spring (14). Apply a heavy coat of 
petroleum jelly to the poppet end and install spring (14) and 
poppet together. The petroleum jelly will help keep the poppet 
from dropping during installation within the bore. 


10. Insert spring (14), washer (16) and poppet as an assem- 
bly into cover with poppet in place within the seat. 


NOTE 
This completes assembly of the cover with 
the exception. of the manual adjuster 
mechanism. Proceed to the appropriate 
manual adjuster mechanism used on your 
unit and assembie as shown. 


1t. Locknut Adjuster - Lubricate and assemble locknut 
adjuster parts in the reverse item number sequence. Install 
parts (9 through 2). See Figure 7. Torque adapter (5) to 100 
N.m (73 Ib. ft.). 


12. Micrometer Knob - Refer to Figure 9 during the 
assembly. 














a. Install back-up ring (21) and "0" ring (20) within 
adapter (16). Lubricate seals with system fluid. 


b. Insert adjusting pin (19) into adapter (16). 


с. Install ‘O’ rings (18 & 17) on adapter (16) and 
thread in place within the cover. Torque to 100 N.m (73 Ib. ft.). 


NOTE 

If spring (14), poppet (16) or seat (19) 
(Figure 7) were replaced, the pressure 
tange of the valve will require calibration. 
DO NOT complete assembly of the knob 
until calibration is completed. If the 
original parts are being returned to ser- 
vice, calibration will not be required; pro- 
ceed to the following step (d). 


If calibration is required, thread adjust- 
ment rod (9) into adapter (16) until the 
rollpin hole located in the adjusting rod 
and adjusting pin are aligned. Install 
rollpin (6) and proceed to Section VII, 
Pressure Calibration. 


d. Install scale (15) in place over “О” ring (17). Make 
sure scale is oriented correctly. 


e, Lubricate spring (14), ball (13) and ratchet plate 
(12) with petroleum jelly and install in place. Place retaining 
ring (11) over the ratchet plate and align rollpin holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press rollpins (10) past flush or the adjuster will bind. 


f. Lubricate and thread adjustment rod (9) and bolt 
clockwise into adapter (16). Make sure tang of ratchet plate is 
in alignment with groove of adjustment rod. Thread adjust- 
ment rod in until rollpin hole of adjusting pin is in alignment 
with hole in adjustment rod. Install rollpin (6) into hole and 
center as shown in Figure 9 sectional view, Move the adjust- 
ment rod, the adjusting pin should rotate. This verifies correct 
alignment. 


g. Install knob (2) and scale ring (3) as an assembly 
over bolt (4). Hold adjusting pin (19) and align rollpin hole (1) 
with opening in bolt (4). Install rollpin (1) flush with outside of 
knob (2). 


13. Micrometer Knob with Keylock - Refer to Figure 9 
during assembly. 


a. Install back-up ring (21) and *O' ring (20) within 
adapter (16). Lubricate seals with system fluid. 


b. Insert adjusting pin (19) into adapter (16). 


c. Install ‘О’ rings (18 & 17) on adapter (16) and 
thread in place within the cover. Torque to 100 N.m (73 Ib. ft.). 


NOTE 

И spring (14), poppet (16) or seat (19) 
(Figure 7) were replaced, the pressure 
range of the valve will require calibration. 
DO NOT complete assembly of the knob 
until calibration is completed. If the 
original parts are being returned to ser- 
vice, calibration will not be required; pro- 
ceed to the following step. 


If calibration is required, thread adjust- 
ment rod (9) into adapter (16) until the 
rolipin hole located in the adjusting rod 
and adjusting pin are aligned. Install 
rollpin (6) and proceed to Section VII, 
Pressure Calibration. 


d Install scale (15) in place over ‘O’ ring (17). Make 
sure scale is oriented correctly. 


е. Lubricate spring (14), ball (13) and ratchet plate 
(12) with petroleum jelly and install in place. Place retaining 
ring (11) over the ratchet plate and align rollpin holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press rollpins (10) past flush or the adjuster will bind. 


f. Lubricate and thread adjustment rod (9) into 
adapter (16). Make sure tang of ratchet plate is in alignment 
with groove of adjustment rod. Thread adjustment rod in until 
rollpin hole of adjusting pin is in alignment with hole in adjust- 
ment год, Install rollpin (6) into hole and center as shown in 
Figure 8 sectional view, Move the adjustment rod, the 
adjusting pin should rotate. This verifies correct alignment. 


g. Lock the keylock located within knob (2). Install 
knob (2) with keylock (5) and scale ring (3) over adjusting rod 
(9). Turn key to unlock and rotate knob until detent locks in 
place within the adjusting rod (less than a full turn). Install 
rollpin (7) in расе flush with outside of knob (2). DO NOT 
press past flush or knob may bind. Lock knob, the knob 
should rotate freely in the locked condition. 


Section МИ - PRESSURE CALIBRATION 


A. CALIBRATION ON A TEST STAND 


NOTE 

Modify an existing test stand or build up 
the stand shown in Figure 12. Prepare test 
blocks for the 16mm, 25mm and 40mm 
valves. Refer to Figure 13 for cartridge 
insert hole dimensions. Make sure the 
blocks have sufficient mass to handle the 
applied pressure. 


1. Install cover subassembly on the test block and torque 
cover screws to the values shown in Table 9. 


2. Turn off globe valve and set system relief to minimum 
pressure setting. 


CAUTION 
In the following step (3), if test stand 
capabilities are less than the maximum 
test pressure setting, adjust the system 
relief valve to an appropriate pressure just 
below test stand maximum. 


3. Start-up the test stand and adjust system relief valve. 
DO NOT exceed the test stands pressure capability. 


4. Open the globe valve and adjust cartridge relief valve 
under test to the maximum pressure setting as noted on the 
pressure gauge. Refer to Table 10 for cover pressure ranges (1 
bar = 14.5 PSI). If the maximum setting is above the stands 
capability, adjust the cartridge relief valve to a pressure just 
below the test stands limit and perform steps 5 through 8. 1f the 
capability of the stand is not exceeded, omit steps 5 and 6 and 
perform steps 7 and 8. 
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COMPENSATED SYSTEM 


RELIEF 





X) 
СУ COVER UNDER TEST 


| _ ПІ CARTRIDGE INSERT 
КЇТ TEST 
TEST BLOCK {1:1 CARTRIDGE 
16mm, 25mm & 
40mm REQ'D) 


Figure 12. Test Stand 


and count the| number of turns on the relief valve adjuster 
mechanism. This gives a relationship between pressure change 
and turns. Record this information and return the valves set- 
ting to the orig|nal pressure setting (just below test i lirnit). 


5. nde the cartridge valves pressure setting 1000 PSI 


6. Rotate the valves adjuster mechanism clockwise until 
it bottoms ош And count the number of turns. Use information 
recorded in previous step to determine the maximum setting of 
the valve. (i.e. |f 10 turns = 1000 PSI change, then auo equals 
100 PSi/turn. 


| CAUTION 
BE SURE to turn off the test stand and 
reduce pressure to zero before adjustment 
of the shims is accomplished in the 
following step. 


7. Estimate the maximum pressure setting of tne valve 
and adjust shims (13) Figure 7, accordingly. Adding shims 
increases pte mk. | 


B. If the|cartridge valve uses а micrometer knob or 
micrometer knob with keylock, return to the appropriate 
assembly prodedure step, Section У1-1.12.8 or VI-L13.d. 
Remove rollpin (6) and adjusting rod (9). Complete assembly 
of the knob. 


B. CALIBRATION ON THE MACHINE 


WARNING 
Befdre breaking a circuit connection, be 
certdin that power is off and the system 
pressure has been relieved. Lower all ver- 
tical) cylinders and block any load that 
coultl generate pressure. 


1. Tee та suitable pressure gauge at the outlet of the 
pump or at thé inlet of the cartridge valve manifold. 


2. Set the cartridge relief valve manual adjuster at mini- 
mum (fully counterclockwise) position. 
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3, Start-up the machine and read gauge pressure to be 
minimum. 


4. Thread manual adjuster clockwise to the maximum 
pressure recommended for the system. Record the pressure. 


5. Turn the manual adjuster counter-clockwise until pres- 
sure reduces 1000 PSI. Record the full number of reyolutions 
of the manual adjuster. This gives an indication of the number 
of turns per 1000 PSI (i.e. "à? = 100 PSI/turn. This informa- 
tion can be used to estimate the maximum pressure range set- 
ting of the cartridge valve. 


6. Turn the machine off, observe pressure gauge, it must 
go to zero (0) before adjustment of shims (13) Figure 7, is 
undertaken in the following step. 


7. Turn the manual adjuster clockwise from the max- 
imum pressure recommended for the system and count the 
turns required to bottom out. By using the number of turns per 
1000 PSI calculated in step 5, an estimate of the maximum 
pressure setting of the valve can be determined. Remove or add 
shims (13) Figure 7. This will increase or decrease the pressure 
setting to cartridge relief valve specifications, See Tables 10, 12 
and 13. NOTE: Adding shims increases pressure setting. 


8. If thecartridge relief valve uses a micrometer knob or a 
micrometer knob with keylock, return to the appropriate step, 
Section VI-G.12.d or VI-G.13,d. Remove rollpin (6) and 
adjusting rod (9). Complete assembly of the knob. 


C. CALIBRATION OF THE RELIEF VALVE MODULE 
ASSEMBLY 


NOTE 
The module pressure calibration рго- 
cedures will follow exactly the procedures 
developed Гог ON TEST STAND and ОМ 
VEHICLE testing previously presented. 
Refer to Figure 10 during the adjustments. 














Rocess dimensions lo DIN 24342 





Dimension 


9, тах. 


а, max 
d. Thread 
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, 
20.2 it 008) 
m 
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m 1021: 0081 
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t 70.1 [+ 0041 
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t, 


[А Thread Depth 





3rd angie ^ 
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а 
d, : 





Nominal size ~ metric (inches) 
32,000 (1.2588) 45,000 (1.7717) 75,000 12.9528} 
32,025 (1.2608) 45,025 (1.7726) 75.030 (2.8539) 
25,000 |0.9843) 34,000 (1.3386) 55,000 {2.1653} 
25.021 (0.9851) 34,025 (1.3396) 55,030 (2.1665) 
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View st А-А 
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t min 10 deep 
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Figure 13. Test Block Cartridge Insert Recess Dimensions (Metric) 
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Section | - INTRODUCTION 


A. PURPOSE OF MANUAL 


This manual describes basic operation characteristics and pro- 
vides service and overhaul information for Sperry Vickers car- 
tridge type pressure reducing valves. 


В. GENERAL INFORMATION 


Related Publications - Installation dimensions are not con- 
tained in this manual. Cartridge valve installation drawings are 
listed in Table 1, Installation drawings are available from any 
Sperry Vickers engineering office or from: 


Sperry Vickers 
Technical Publications 
1401 Crooks Road 
Troy, МІ 48084 










VALVE TYPE INSTALLATION DRAWINGS 
Installation information 
is shown in advertising 
brochure “318”, 


Pressure 
Reducing 
Valve 





Table 1. Related Publications 
C. MODEL CODES 


The model code, Table 2a, depicts cover variables. 


The model number stamped into the cover nameplate does not 
identify the cartridge valve insert. To identify standard car- 
tridge insert parts, refer to Section I-B-2 and Table 11, of this 
manual. The cartridge insert model code is shown in Table 2b. 


MODEL CODE BREAKDOWN 
МО теже саты еки. “" 


Cartridge Valve Cover 


Valve Size (mm) 
-16 
-25 


Function 
X - Reducing 
X1 - МЕРА-001/150-4401-3 
Interface Cover (25mm) 


S = SAE Thread Plugs 


2 = ISO 3601 Seals 


Model Suffix 


Design Number 


Pressure Range (bar) 
125 5-125 bar 
245 5-245 bar 
350 5-350 bar 


Adjustment Devices 
-M - Micrometer Knob 
-K - Micrometer Knob with Keylock 
-W - Locknut 


Table 2a. Cover Model Code Breakdown 


MODEL CODE BREAKDOWN 


CVI 
Cartridge Valve Insert 1 


Valve Size (mm) 
-16 
-25 


Function 
X- Reducing Open 


Q**.*.2.10- *** 


pee Suffix 
Design Number 
Seals 

2 - 150 3601 


Table 2b. Cartridge Valve Insert Model Code Breakdown 


| ection II - DESCRIPTION 


| 


A. GENERAL 


Cartridge prejsure reducing valves are constructed in two sec- 
tions, One section is called the cover section which contains the 
pilot mechani for controlling pressure. The other section is 
a cartridge valve insert section. Nominal sizes of 16mm and 
25mm are avdilable. 


Cover parts vary according to valve size and the type of ad- 
juster. The fallowing adjusters are available (see Table 3). An 
exploded vieW showing item numbers for disassembly and 
assembly sequence can be found in Section VI. 


MANUAL ADJUSTER TYPE | FIGURE NO. 
7 


With Micrometer Knob 
With Micrometer Knob & Ke 


Table 3. Location of Adjuster Exploded Views 





B. VALVE CONSTRUCTION 


NOTE 
Cartridge pressure reducing valve covers 
are mounted to the manifold with four (4) 
сар screws. The cover retains the valve in- 
sert| within the manifold cavity. 


1. Standard Covers - The cover S/A contains the pres- 
sure reducing yalve pilot stage (head) consisting of a seat, pop- 
pet, spring, flow control, seals, and the adjuster mechanism 
(see Figure 1). 


FLOW CONTROL 





Figure 1. |Pressure Reducing Valve Pilot Stage Head 


2. Cartridge Insert Construction - Cartridge pressure 
reducing valvd inserts are constructed as shown in Figure 2. 
The entire cartridge insert is placed within a manifold designed 
and drilled ір provide the necessary port openings and 
operating circuit. Each cartridge valve insert is comprised of a 
sleeve, spool S/A, spring and associated seals. 


2 


Р a. The sleeve contains “О” ring grooves, port open- 
ings and a retaining ring to limit the downward travel of the 
spool S/A, 


b. The standard spool S/A area ratio is 1:1. This 
means that the outside diameter (O.D.) of the spool is the same 
throughout its length. A check valve is incorporated within the 
spool to limit pressure transients in the load. 


~ When outlet pressure is below poppet cracking pres- 
sure, the spring holds the spool against the retaining ring and 
port (B) is open to the load (А). 


SPRING 


CHECK VALVE (Do not remove 
from Spool. This part bonded in 
spool with a special compound.) 


TAM SPOOL 
а 


⁄ ~ BACK-UP RING 


С.о" RING 


^—BACK-UP RING 


SLEEVE 


RETAINING RING 


BACK-UP — 
RING < RING 
2-27 


Sectional View of 
Assembled Parts 


*B' PORT 
(PRESSURE) 


RETAINING RING 
'A' PORT (LOAD) 





Figure 2. Cartridge Insert Kit Exploded and Sectional Views 


ias ООО 











Section III - PRINCIPLES OF OPERATION 


A. STANDARD PRESSURE REDUCING VALVE 
OPERATION 


Figure 3 illustrates valve operation, The pressure setting of the 
valve is determined by the position of the adjusting screw 
which varies spring compression. Spring force determines pop- 
pet cracking pressure, 


Іп normal operation, the “А” port is connected to the load and 
the “В” port is connected to the pressure source. The “В” and 
*X' ports are interconnected within the manifold. System 
pressure at 'B' is fed to the 'X' port and communicated 
through a compensated flow control into area AP. The flow 
control in the cover establishes a flow across the cover poppet 
at poppet cracking pressure. With poppet cracking pressure 
above the spool S/A, a pressure which exceeds poppet cracking 
pressure and the spring force must be developed in the load 
before the spool S/A can move upward (see Figure 3). 


FLOW CONTROL (SPRING & SPOOL) 


STANDARD COVER 
ADJUSTING SCREW 


ZI PORT INTERNAL 
CONNECTION 


INSERT SPRING 
SPOOL 5/A 
SEALS 
RETAINING RING 
CHECK VALVE 


1 
і 
4 


е 


Pressure reducing function with 
manual adiustment and remote 
control port 





Figure 3. Pressure Reducing Function with Manual 
Adjustment and Remote Control Port 


As load pressure at “А” rises, a point is reached that causes the 
spool S/A to move upward and flow is restricted to the load. 


If load pressure drops below poppet cracking pressure, the in- 
sert spring moves the spool S/A downward while the flow con- 
trol replenishes fluid volume above the spool S/A. The spool 
S/A then meters flow to the load, raising outlet pressure again 
to poppet cracking pressure. 


NOTE 
А pressure reducing valve varies flow to 
provide constant outlet pressure. 


Pressure transients in the load are relieved through a check 
valve located within the spool S/A. 


Venting of the Z1 port will cause outlet pressure to drop to the 
minimum pressure setting. 


B. MODEL VARIATIONS USING THE МЕРА-001150- 
4401-3 INTERFACE COVER 


NOTE 
Various other cartridge pressure reducing 
valve configurations exist. These valves 
function similar to the basic pressure 
reducing valve with the exceptions noted 
in the following paragraphs. 


1. Pressure Reducing High and Low Adjustable Settings 
by Electrical and Spring Offset Selection (see Figure 4) 


In this configuration a left hand spring offset directional valve 
controls two reducing valve heads and provides two different 
reduced pressures. 

The highest pressure setting is controlled by the pilot valve 
located in the cartridge vaive interface cover and the low 
pressure setting is controlled by the module sandwiched be- 
tween the directional valve and the cover interface. When the 
(LH) spring offset valve is in the offset condition (solenoid de- 
energized), the high pressure setting is active. Provide at least 
10.3 bar (150 PSI) spread between the high and low pressure 
settings to prevent interaction. 


Use a standard spring offset valve (offset to ‘A’) to have the 
low pressure setting functional in the spring offset condition. 1f 
a standard valve is used, check installation dimensions to make 
sure a problem does not exist. The standard valves solenoid will 
be directed away from the adjuster mechanism. 


2, Pressure Reducing High and Low Adjustable Settings 
by Electrical Selection (see Figure 5) 


In this configuration a detent directional valve controis two 
pressure reducing valve heads and provides two different 
reduced pressure settings. Аз in the previous example, the 
highest pressure setting is controlled by the head located within 
the cartridge valve interface cover and the low pressure setting 
is controlled by the module sandwiched between the directional 
valve and the cover interface. At least 10.3 bar (150 PST) spread 
is required between the high and low pressure settings to pre- 
vent interaction. 


One of the features of a detent valve system is that only a pulse 
of current is required to position the directional valve and then 
it can be removed, This saves energy. 





SPRING OFFSET 2 IONAL VALVE DG-4V-3-2A-**-12-LH 








‘A’ PORT PASSAGE 


‘P’ PORT PASSAGE 


FLOW CONTROL 


CARTRIDGE INTERFACE 
COVER 


21 PORT INTERNAL 
CONNECTION 





МЕРА-001/180-4401-3 INTERFACE 
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Dual-level reduced pressure 
functions by electrical and 
spring offset selection. 


MODULE - UNDERSIDE 





Figure 4. Pressure Reducing High and Low Adjustable Settings 
by Electrical and Spring Offset Selection 








DETENT DIRECTIONAL VALVE DG4V-3-2N-**-12 


‘A’ PORT PASSAGE 


MODULE 


‘P’ PORT PASSAGE 


21 PORT INTERNAL 
CONNECTION 


CARTRIDGE INSERT 


NFPA-D01/ISO-4401-3 INTERFACE 


Т) pressure 
| control 


| pressure 
control 


Dual-level reduced pressure 
functions by electrical selection 
with mechanical detent 


MODULE - UNDERSIDE 





Figure 5. Pressure Reducing Valve High and Low Adjustable Settings 
by Electrical Selection with Mechanical Detents 


| 


3. Electrically Modulated Pressure Reducir ж Valve 
Function (see |Figure 6) | 

Тће еі valve МЕРА-001/150-4401-3 interface cover 
accommodates the CGE-02-*-22 electrically modulated relief 
valve. This valve can be remotely controlled by ја micro- 
computer ог а regulated power supply with appropriate 
voltage/current control. Normally as current (increases, 
pressure drop|across the CGE valve increases. This will cause 
the pressure réducing valve pressure to follow the CGE valve. 
The high presjure excursion of the CGE valve is limited by the 
setting of the manual adjuster located in the cartridge valve 
interface sectipn. 


ССЕ-02-%-22 


Е 


Z PORT [INTERNAL 
CONNECTION 


CARTRIDGE INSERT 


МЕРА-001/150-4401-3 


The CGE-02-*-22 electrically modulated relief valve is designed 
for 207 bar (3000 PSI) operation in the standard valve con- 
figuration. Special valves are available to extend this range 
through 345 bar (5000 PSI). 


The ‘2° pilot part is for remote hydraulic control. Block the 
'Z' port if the remote hydraulic control feature is not used. 


A solid (M6 metric) plug (part number 471131) or SAE hex key 
plug (310169) must be installed into the “В” port opening of the 
interface cover. 


411131 
SOLID PLUG (METRIC) 
310169 Solid Plug (SAE) 


*P’ PORT PASSAGE 


—— і--- 


1 
ЕАН 


ТЕ 





Figure 6. Electrically Modulated Pressure Reducing Function 














Section IV - INSTALLATION AND OPERATING INSTRUCTIONS 


A. INSTALLATION DRAWINGS - The installation draw- 
ings listed in Table 1 show installation dimensions and port 
locations. 


B. MOUNTING - Cartridge pressure reducing valves are 
designed to be installed into manifolds with most circuit con- 
nections within the manifold. This minimizes external circuit 
connections and provides a very compact package. Each car- 
tridge valve installation is unique for a specific application. 
Many other valve functions can be included within the same 
manifold. 


C. PIPING AND TUBING - If a cartridge pressure reduc- 
ing valve is part of a manifold system that is actuator mounted, 
only pressure and tank lines will be required to the manifold. 
АП pipes and tubing must be thoroughly cleaned along with all 
passages within the manifold. Recommended methods of 
cleaning are sandblasting, wire brushing, pickling and power 
flushing. 


NOTE 
For instruction on pickling, refer to in- 
struction sheet 1221-5. 


1. To minimize fiow resistance and the possibility of 
leakage, only as many fittings and connections as are necessary 
for proper installation should be used. 


2. The number of bends in tubing should be kept to a 
minimum to prevent excessive turbulence and friction of oil 
flow. Tubing must not be bent too sharply. The recommended 
radius for bends is three times the inside diameter of the tube. 


D. HYDRAULIC FLUID RECOMMENDATIONS 
GENERAL DATA 


Oil in a hydraulic system performs the dual function of lubrica- 
tion and transmission of power. И constitutes a vital factor in a 
hydraulic system, and careful selection of it should be made 
with the assistance of a reputable supplier. Proper selection of 
oil assures satisfactory life and operation of system 
components. 


Any oil selected for use with pressure reducing valves must also 
be acceptable for the system pumping source and actuator. 


Data sheet 1-286-5 for oil selection is available from Sperry 
Vickers Technical Publications, Troy, Michigan. 


Oil recommendations noted in the data sheet is based on our 
experience in industry as a hydraulic component manufacturer. 


Where special considerations indicate a need to depart from the 
recommended oils or operating conditions, see your Sperry 
Vickers representative, 


CLEANLINESS 


Thorough precautions should always be observed to insure the 
hydraulic system is clean: 


1. Clean (flush) entire new system to remove paint, metal 
chips, welding shot, etc. 


2. Filter each change of oil to prevent introduction of 
contaminants into the system. 


3. Provide continuous oil filtration to remove sludge and 
products of wear and corrosion generated during the life of the 
system. 


4. Provide continuous protection of systern from entry or 
airborne contamination by sealing the system and/or by proper 
filtration of the air. 


5. During usage, proper oil filling and servicing of filters, 
breathers, reservoirs, etc. cannot be overemphasized. 


6. Thorough precaution should be taken, by proper sys- 
tem and reservoir design, to insure that aeration of the oil will 
be kept to a minimurn. 


SOUND LEVEL 


Noise is only indirectly affected by the fluid selection, but the 
condition of the fluid is of paramount importance in obtaining 
optimum reduction of system sound levels. 


Some of the major factors af[ecting the fluid conditions that 
cause the loudest noises in a hydraulic system are: 


1. Very high viscosities at start-up temperatures can cause 
pump noises due to cavitation. 


2. Running with a moderately high viscosity fluid will 
impede the release of entrained air. The fluid will not be com- 
pletely purged of such air in the time it remains in the reservoir 
before recycling through the system. 


3. Aerated fluid can be caused by ingestion of air through 

the pipe joints of inlet lines, high velocity discharge lines, 

-cylinder rod packings, or by fluid discharging above the fluid 

level in the reservoir. Air in the fluid causes a noise similar to 
cavitation. 


E. OVERLOAD PROTECTION 


A relief valve is required to limit pressure in the system to a 
prescribed maximum and protect components from excessive 
pressure. The setting of the relief valve depends on the design 
and work requirements of the system. 


F. REPLACEMENT PARTS 


Reliable operation throughout the specified operating range is 
assured only if genuine Sperry Vickers parts are used. 
Sophisticated design processes and material are used in the 
ШЕШЕ of our parts. Substitutions may result in early 
ailure. 


G. PRODUCT LIFE 


Тһе longevity of these products is dependent upon environ- 
ment, duty cycle, operating parameters and system cleanliness. 
Since these parameters vary from application to application, 
the ultimate user must determine and establish the periodic 
maintenance required to maximize life and detect potential 
component failure. 


H. TROUBLESHOOTING 


By applying the basic operating principles discussed up to this 
point, a technician can in a relatively short time become profi- 
cient in the troubleshooting of cartridge pressure reducing 
valves. Basically, a pressure reducing valve can be considered 
as a variable flow control that senses outlet pressure and holds 
it constant by controlling flow to the load. 


Section У - SERVICE AND MAINTENANCE 


A. SERVICE TOOLS 
STANDARD TOOLS 


unit being repaired and use the appropriate torque 


1. Тогаџе wrench with hex bit adapter sockets. (Refer to 
wrench.) 





Table 8. Maximum Torque Wrench Size Required 


Set of U.S. and metric hex key wrenches 

Set of small pin punches 

3/8 inch ratchet with sockets 

Small) ball peen hammer 

Меше ruler 

3/8 in. length of brass rod (approx. 15 ст, 6 n., long) 


SPECIAL TOOLS - No special tools required. 
B. INSPECTION 


oe La N 


Periodic inspection of the fluid condition and tube or piping 
connections рап save time-consuming breakdowns and 
unnecessary parts replacement. The following should be check- 
ed regularly: 


1. All hydraulic connections must be kept tight, A loose 
connection in à pressure line will permit the fluid to leak out, If 
the fluid level becomes so low as to uncover the inlet pipe open- 
ing in the reservoir, extensive damage to the pump result. 
In suction or return lines, loose connections permit hir to be 
drawn into the system resulting in noisy and/or erratic 
operation, 


2. Clean fluid is the best insurance for long service life. 
Therefore, the reservoir should be checked periodically for dirt 


or other contaminants. 


If the fluid becomes contaminated, the system should be 
drained and the reservoir cleaned before new fluid is added. 


3. Filter elements also should be checked and replaced 
periodically. A clogged filter element results in a higher 
pressure drop. This can force particles through the filter which 
would ordinarily be trapped, or can cause the by-pass to open, 
resulting in partial or complete loss of filtration. 


4. Air bubbles in the reservoir can ruin system compo- 
nents. If bubbles are seen, locate the source of the air and seal 
the leak. 


5. A unit which is running excessively hot or noisy is a 
potential failure, Should a unit become noisy or overheated, 
the machine should be shut down immediately and the cause of 
improper operation corrected. 


C. ADDING FLUID TO THE SYSTEM 


When hydraulic fluid is added to replenish the system, it 
should always be poured through a fine wire screen (200 mesh 
or finer) or preferably pumped through a 10 micron (absolute) 
filter. 


It is important that the fluid be clean and free of any substance 
which could cause improper operation or wear of the hydraulic 
unit. Therefore, the use of cloth to strain the fluid should be 
avoided to prevent lint getting into the system. 


D. ADJUSTMENTS 

Manual adjustments are provided to set system pressure. 

E. LUBRICATION 

Internat lubrication is provided by the fluid in the system. 


Lubrication of external adjusters is required on a periodic 
basis. 


Section VI - OVERHAUL 


CAUTION 
Befóre breaking a circuit connection, 
make sure that power is off and system 
pressure has been released, Lower all ver- 
tical cylinders, discharge accumulators, 
and; block any load whose movement 
could generate pressure. 


CAUTION 
Absolute cleanliness is essential when 
working with a hydraulic system. Always 
work in a clean area. The presence of dirt 
and|foreign materials in the system can 
resu|t in serious damage or inadequate 
operation, 


NOTE 
Discard and replace all ‘О’ rings and 
back-up rings removed during 
disassembly. 


А. COVER REMOVAL 
Loosen and remove the four cover bolts, item (1), shown in 


Figure 7. Pull cover from the manifold. Do not remove car- 
tridge insert at this time. 














"В" Рог| 


Parts noted with а prefix 
are available only in kits Openings 


Poppet Feed Hole 
"A" PORT 


Flow Control 
Variable Orifice 





Figure 7. Exploded View of a Pressure Reducing Valve 


PART NO PART NO 


DESCRIPTION 


Bolt Kit (Cover) 

Bolt Kit (Directional Valve) 
Cap 

Locknut 

Adapter 


Adjusting Screw 

"О" ing 

Back-Up Ring 

"суз ing 

Micrometer Knob & Key Lock S/A 
Keys 

Micrometer Knob 

Shim 

Spring (5 - 125 bar) 

Spring (5 - 245 bar) 

Spring (5 - 350 bar) 

Washer 

Poppet 

Plug (0,75 - 16 UNF-2A Thread) 


"Oy Li Ring 
Spool 


Sprin 
Seat 


Plug (0.312 - 24 UNF-2A Thread) 


"0" Ring 

Cover (Standard) 
Cover (Interface) 
Rest Pin 

Screw 
Nameplate 

Шеш Ring 

"О" Ring 

Back Up Ring 
Sprin 
Spool 
Poppet Valve 5/ А 
"О" Ring 

Back Up Ring 
Back Up Ring 
Sleeva 

Retaining Ring 
е Ring 

Back Up Ring 
Back Џр Ring 


Seal Kit Includes Parts Prefixed with aA 


F3 Equivalent Seal Kit 


Lodknlt Adjuster Kit 


16 mm 25 mm 
See Table 9 
See Figure 11 
762607 162607 
164111 764177 
519692 579692 
Torque to 100 N. m (73.7 Ip. ft. ) 
| "64176 764176 
262350 262350 
197588 197588 
262355 262355 
637463 637463 
814573 814573 
637642 637642 
162920 162920 
162928 162928 
162929 162929 
162930 162930 
162921 762921 
| 290057 290057 
| 579921 579921 
orque to 54-59 М. m, 40-44 Ib, ft.) 
263407 263497 
164112 164172 
544103 544103 
164111 164111 
591768 591768 
(Torque to 10 N. m(7.4 1b.ft. ) 
263492 263402 
See Table 10 
See Table 12 
161236 226197 
-36212 АХ-36212 
199082 199082 
200082 200083 
| 179347 154026 
271732 271787 
764166 164309 
164164 164307 
164134 164134 
179347 154026 
271732 271787 
271732 271787 
580366 580432 
92757 103989 
199812 199813 
271728 271733 
271728 271733 
a 920172 920174 
920173 920175 
A(Cartridge Valve Insert КЕ - See Table 11) 
#926227 926227 
6926228 926228 


Washer, Poppet, Seat, Spool & Spring 


(Pilot S/A Kit) 


Figure 7, Pressure Reducing Valve Parts 
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В. SUBASSEMBLIES AVAILABLE FOR CARTRIDGE 
PRESSURE REDUCING VALVES WITH STANDARD 
COVERS (See Figure 8) 


Standard Cover 
See Табе 10 


Cartridge Valve In 
Insert (See Table 11) 





Cover Bolt Kits 
See Table 8. 
(Not Included in 

Cover S/A) 


Figure 8. Block Diagram of the Valve with Standard Cover 









[TYPE | 16 mm | 25 mm | 
Inch | 590702 | 590704 | 
Imm | 590703 | 590705" 
тегене 35 N. m 110 N, m 
AME (261b. ft. ) | (81 Ib. ft.) 
Table 9. Cover Bolt Kits 
(Not included in cover 5/А) 








[16 mm |25 тп 
580421 


Table 11. Cartridge Pressure 
Reducing Valve Insert Kits 


С. REMOVAL OF ADJUSTER MECHANISMS FROM 
COVER (Refer to Figure 7) 


1. Locknut Adjuster - Remove locknut adjuster parts 
(2 through 8) in numerical sequence. 


2. Micrometer Knob - Refer to Figure 9. 
а. Push rollpin (1) into bolt (4). 


b. Pull adjuster knob (2) and scale ring (3) from 
assembly to expose adjustment rod (9) and bolt (4). 


c. Push rollpin (6) through adjustment rod (9) and 
thread adjustment rod and bolt counterclockwise from adapter 
(16). Press rollpin (1) through bolt. Retain rollpins (1 & 6) for 
assembly. 


d. Push two rollpins (10) into adapter (16) just 
enough to remove retaining ring (11). Remove retaining ring, 
ratchet plate (12), ball (13), spring (14) and scale (15). 


e. Thread adapter (16) from cover and remove ‘О’ 
rings (17 & 18). Discard the *О' rings. 


f. Press two rollpins (10) through adapter (16) into 
the center threaded area and remove. Retain the rollpins for 
assembly. 


© 


TQ i 
KNOB & KEYLOCK |(Reference) 
519982 
|5 - 350 раг | 580338 | 580344 | 580347 ___ 


5 - 125 Баг | 580379 580385 580388 
|5 - 245 Баг | 


COVER| PRESSURE 
SIZE RANGE 


580380 580386 580389 + 580266 
|5 - 350 баг | 580381 580387 580390 


Table 10. Standard Cover S/A 


COVER NO. 














Ф Not available 
as spare parts 


8. Slide adjusting pin (19) from adapter (16). 


h. Remove 'O' ring (20) and back-up ring (21) from 
within adapter (16) and discard. 


3. Micrometer Knob with Keylock (Refer to Figure 9) 


a. Unlock adjuster knob (2) with key (5) and rotate 
knob to engage detent (less than one turn). 


b. Push rollpin (7) into adjustment rod (9). 


c. Lock adjuster knob (2) and remove key (5). Pull 
adjuster knob and keylock (5) from assembly to expose adjust- 
ment rod (9). 


d. Push rollpins (6 & 7) through adjustment rod (9), 
then thread adjustment rod (9) counterclockwise from adapter 
(16). 

e, Push two rollpins (10) into adapter (16) just 
enough to remove retaining ring (11). Remove retaining ring, 
ratchet plate (12), ball (13), spring (14) and scale (15). 


f. Thread adapter (16) from cover and remove “О” 
tings (17 & 18). Discard the “О” rings. 


Press two rollpins (10) through adapter (16) into 
the center threaded area and remove. Retain the rollpins for 
assembly. 

h. Slide adiusting pin (19) from adapter (16). 


i. Remove 'O' ring (20) and back-up ring (21) from 
within adapter (16) and discard. 
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D. REMOV 
COVER 


L OF STANDARD AND 
ARTS (Refer to Figure 7) 


INTERFACE 


1. Remove parts (12 through 19) in numerical sequence. 


2. DO NOT remove seat (20) unless inspection of poppet 
(15) or piston) (18) reveals a problem. 


3. Remove plug and *O* ring (21 & 22). 
| 


4. ро NOT remove rest pin (24) from cover (23) unless it 
is damaged. 


Micrometer Knob and 
Micrometer 


Knob and Keylock 


99969999499 


кі 


yt Cry = = сл ee о“ ди 


5. DO NOT remove nameplate (26) or screws (25) from 
cover. These parts are not available as service items. 


6. Remove seals (27 through 29) and discard. 


NOTE 
The following step (7) pertains to inter- 
face cover units only. 


7. Remove directional control and low pressure module 
or electrically modulated pressure control attaching screws. 
Separate the valve parts from the cover. Discard ‘О’ rings. 


ITEM 
Ф 11 
Ф 12 
$13 
Ф 14 
Ф 15 
#16 
А17 
A18 
#19 
420 
A21 


DESCRIPTION 
RETAINING RING 
RATCHET PLATE 
BALL 
SPRING 
SCALE 
ADAPTER 
"о" RING 
"О" RING 
ADJUSTING PIN 
"О" RING 
BACK UP RING 


DESCRIPTION 
ROLLPIN 
KNOB 
SCALE RING 
BOLT 
KEYLOCK 
ROLLPIN 
ROLLPIN 
ROLLPIN 


ADJUSTING ROD 
ROLLPIN 





Figure9. Exploded View 


@ INDIVIDUAL ITEMS ARE NOT AVAILABLE AS 
SPARE HARTS, REFER TO FIGURE 7, PARTS 
TABULATION FOR ADJUSTER S/ A. 


4 INCLUDED IN SEAL KITS 





Adjuster Micrometer Knob 
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MICROMETER KNOB AND KEYLOCK SEAL KIT 
NUMBER 920233 





Adjuster Micrometer Knob and Keylock 














E. DISASSEMBLY OF LOW PRESSURE MODULE (See 
Figure 10) 


1. Disassemble the manual adjuster parts (2 through 9) in 
numerical sequence. 


2. Remove parts (13 through 18) in numerical sequence. 


3. DO NOT remove seat (19) unless inspection of poppet 
(16) reveals a problem. 


4. DO NOT remove nameplate (21) or screws (22). These 
parts are not available as service items. 


5. DO NOT remove rest pin (23) unless it is damaged. 


DESCRIPTION 


See Figure 11 Bolt Kit (Module) 
762607 Сар 

761190 Lock Nut 

162918 Adjusting Screw 
579922 Adapter 

(Torque to 100 М. m,73. 7 1b. ft. ) 
762919 Bolt Adjustment 
262350 "О" Ring 

191588 Back Up Ring 
262355 "О" Ring 

637463 Micrometer knob S/A 


814573 Keys 1 set{2) 


6. Remove and discard face seals (24). 


F. REMOVAL OF CARTRIDGE INSERT FROM THE 
MANIFOLD (See Figure 7) 


1. Remove spring (30) and spools S/A (31) from sleeve 
(36). 


2. Insert two hooked tools (hex key wrenches) into the 
“В” pressure port openings of sleeve (36). Pull sleeve from the 
manifold. Be careful not to scratch the inside surface finish of 
the sleeve during removal. 


3. Remove and discard sealing parts (33 through 35) and 
(38 through 40) in item number sequence. 


DESCRIPTION 


Micrometer knob 
762920 Shims 
762928 5-140 bar Spring 
762929 5-280 bar Spring 
162930 5-365 bar Spring 
762921 Washer 
290057 Poppet 
329463 Plug (SAE) 
(Torque to 54-59 М. m, 40-44 Ib. ft. ) 
263497 "О" Ring 
762922 Seat 
580036 Body 
199082 Nameplate 
22 AX -38212 Screw 
23 412553 Rest Pin 
A24 154006 "О" Ring 


4920257 


Seal Kit Includes parts 
noted with aa 
920258 ЕЗ Equivalent seal kit 


m941472 
9941473 


Locknut adjuster kit 
Poppet & seat kit 





Figure 10. Exploded View of Low Pressure Module Assembly 
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G. SUBASSEMBLIES AVAILABLE FOR CARTRIDGE 
VALVE | WITH INTERFACE COVERS (See Figure 11) 









VALVE & MODULE 
BOLT KITS 
Inch + 466851 
mm - 466838 
Torque to| 5. 6 М. m, 
(50 Ibi in.) 


DUAL PRESSURE DUAL PRESSURE 
DIRECTIONAL 


DIRECTIONAL 
OFFSET VALVE DETENT VALVE 
роду -3-2N -** -12 


роду -3-2A-**-12LH 
CARTRIDGE VALVE Cartridge Valve 
MODULE 5/А Module, See 
Cover Bolt Kit Table 13 
See Table 9 


МЕРА-р01/150-4401-3 


Interface Covers 
See Table 12 INTERFACE COVER 


Cartridge Valve CARTRIDGEINSERT 
insert, See Table 11 S/A KIT 





Figure 11. Block Diagram of Cartridge Pressure Reducing Valve 








PRESSURE | | оскмот | MICROMETER | MICRO. KNOB COVER 
SIZE RANGE KNOB & KEYLOCK | (Reference Оп! 


| 5-125 bar | 580391 880394 580397 
5-245 Ђаг 580392 580395 580398 €580265 
5-350 bar 580393 580396 580399 









Ф Not available for spares. 


Table 12. МЕРА-001/150-4401-3 Interface Cover Subassemblies 





COVER | PRESSURE LOCKNUT MICROMETER | MICRO. KNOB SPRING 
SIZE RANGE KNOB & KEYLOCK Reference Onl 
| 5-125 bar | 58003 580076 580261 580268 


| 5-245 bar | 580032 580077 | 580323 | 580269 
| 5-350 bar | 580033 580092 580324 580270 


Table 13. Cartridge Valve Module 5/ А 
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H. INSPECTION REPAIR AND REPLACEMENT 


NOTE 
Replace all parts that do not meet the 
following specifications. 


CAUTION 

DO NOT intermix parts from different 
valves or parts of a single valve. Poppets, 
springs and shims along with the cartridge 
spools are mated parts, Poppets and 
spools develop a wear pattern and may 
leak if interchanged to a different position 
in the valve. 


NOTE 

All parts must be thoroughly cleaned and 
kept clean during inspection and 
assembly. The close tolerance of the parts 
makes this requirement very important. 
Clean all removed parts using a commer- 
cial solvent that is compatible with the 
system fluid. Compressed air may be used 
in cleaning, but it must be filtered to 
тетоуе water and contamination. clean 
compressed air is particularly useful in 
cleaning the cover orifices and manifold 
passages. 


1. Inspect all components for wear, erosion and/or 
seizure. [nspect manifold for burrs and sharp edges that may 
cause a sealing problem. 


2. Inspect adjuster mechanism parts for wear. Replace 
the complete mechanism if parts are found unfit for service. 


3. Inspect springs (13 & 30, Figure 7) and (14, Figure 10) 
to be square and straight. Replace springs that show evidence 
of wear. 


4, Inspect the cartridge insert spool (31) for wear and 
erosion of the port area. If wear is evident or the check valve is 
inoperative, replace the complete cartridge insert kit. 


5. If a pilot poppet (15) requires replacement, replace the 
poppet (15), seat (20), valve (18) and spring (19) as a set. Refer 
to Figure 7. To replace the seat, use a brass rod and press or 
drive the seat from the cover, If the seat is to be replaced, the 
new poppet must be mated to the seat to prevent leakage prior 
to installation within the cover. The following is an explanation 
of the mating operation. 


a. Position the poppet within its seat and hold the 
poppet centered. 


b. Tap the end of the poppet a couple of times with a 
small hammer. 


c. Remove the poppet and observe a contact impres- 
sion around its perimeter. If the contact impression is broken, 
repeat the mating operation. 


d. Press the poppet in place within the cover. Make 
sure the poppet feed hole located in the seat is directed away 
from cartridge insert (31). See insert view Figure 7. 


e. Cleanup the cover bore to remove any debris that 
may have developed during the installation of the seat. 


|. ASSEMBLY OF THE CARTRIDGE VALVE (Refer to 
Figure 7) 


NOTE 
Obtain a complete seal kit for the unit be- 
ing repaired. Refer to Figure 7 parts 
tabulation for the seal kit information. 


NOTE 
Assembly is accomplished in the reverse 
item number sequence. Special pro- 
cedures are noted in the following text. 


1. Install sealing parts (40 through 38) and (35 through 
33) on sleeve (36). Lubricate with system fluid to facilitate 
assembly. 


2. If retaining ring (37) was removed from within sleeve 
(36), install retaining ring with sharp break edge toward the ‘A’ 
port. 


3. Install sleeve (36) within the manifold. Some difficulty 
тау be encountered due to the *O' rings and back-up rings. А 
hardwood block and large “С” clamp may be useful during in- 
stallation of the sleeve. 


4. Install spool S/A (31) and spring (30) into the sleeve. 
Refer to Figure 7 for spool orientation. Cover with kraft paper 
to prevent contaminants from entering valve. 


5. If rest pin (24) was removed, install a new rest pin in 
place within the cover. 


6. Assemble back-up ring (29) and 'O' ring (28) within the 
О" ring groove of the cover. 


7. Install ‘О’ ring (22) on plug (21) and thread in place. 
Torque plug to 10 N.m. (7.4 16. ft.). 


8. Install spring (19) and valve (18) into cavity of seat 
(20). Inspect valve to inake sure it does not bind or hang up in 
the seat. Place a new ‘О’ ring on plug (16) and thread in place 
over the valve. Torque plug to 39 N.m (28.7 lb. ft.). 


9. Insert poppet (15) into washer (14). Lubricate the end 
of the poppet with petroleum jelly and insert into spring (13). 
The petroleum jelly will hold poppet and spring together dur- 
ing assembly. Insert spring and poppet into the cover bore. 
Make sure poppet is in place within its seat. 


NOTE 
This completes assembly of the cover with 
the exception of the manual adjuster 
mechanism. Proceed to the appropriate 
manual adjuster mechanism used on your 
unit and assemble as shown. 


10. Locknut Adjuster - Lubricate and assemble locknut 
adjuster parts in the reverse item number sequence. Install 
parts (8 through 3). See Figure 7. Make sure shim (12) is 
located over adjusting screw (5) before assembly into cover. 
Adjusting screw end must engage the center of spring (13) at 
assembly. Torque adapter (4) to 100 N.m (73 lb. ft.). Cover (2) 
will be installed after pressure is adjusted. 


11. Micrometer Knob - Refer to Figure 9 during assembly. 


а. Install back-up ring (21) and “О" ring (20) within 
adapter (16). Lubricate seals with system fluid. 


b. Insert adjusting pin (19) into adapter (16). 

с. Install *O' rings (18 & 17) on adapter (16). Install 
shims (12, Figure 7) over end of adjusting pin and thread in 
place within the cover. Torque to 100 N.m (73 Б. Н.). 
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МОТЕ 

If $hims (12), spring (13), poppet (15) or 
seat (20), Figure 7, were replaced, the 
Pressure range of the valve will require 
calibration. DO NOT complete assembly 
of (he knob until calibration is completed. 
If the original parts are being returned to 
ice, calibration will not be required. 
Proceed to the following step 11.4. 





If calibration is required, thread adjust- 
ment rod (9, Figure 9) into adapter (16) 
until the rollpin hole located in the ad- 
justing rod and adjusting pin are aligned. 
Install rollpin (6) and proceed to Section 
VII, Pressure Calibration. 


d. Install scale (15) in place over *O' ring (17). Make 
sure scale is driented correctly. 


e. lubricate spring (14), ball (13) and ratchet plate 
(12) with рецоешт jelly and install in place. Piace|retaining 
ring (11) суей the ratchet plate and align rollpin holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press rallpins (10) past flush or the adjuster will bind. 


f. ubricate and thread adjustment rod| (9) into 
adapter (16). Make sure tang of ratchet plate is in alignment 
with groove of adjustment rod. Thread adjustment rad in until 
rollpin hole of adjusting pin is in alignment with hole in adjust- 
ment rod. Install rollpin (6) into hole and center as shown in 
Figure 8 sectipnal view. Move the adjustment rod, the adjust- 
ing pin should rotate. This verifies correct alignment, 


в. Install knob (2) and scale ring (3) as an assembly 
over bolt (4). Hold adjusting pin (19) and align rollpin hole (1) 
with opening jn boit (4). Install rollpin (1) flush with outside of 
knob (2). Pro to step 13. 


12. Micrometer Knob with Keylock - Refer to Figure 9 
during assembly. 


a. Install back-up ring (21) and ‘О’ ring (2D) within 
adapter (16). Lubricate seals with system fluid. 


b. Insert adjusting pin (19) into adapter (16). 


c. Install *O' ring (18 & 17) on adapter (16) and 
thread in place within the cover. Torque to 100 N.m (73 Ib. ft.). 


NOTE 

If shim (12), spring (13), poppet (15) or 
seat (20) Figure 7 were replaced, the 
pressure range of the valve will require 
calibration. DO NOT complete assembly 
of the knob until calibration is completed, 
If the original parts are being returned to 
service, calibration will not be required. 
Proceed to the following step, 12.d. 

If calibration is required, thread adjust- 
ment rod (9) into adapter (16) until the 
rollpin hole located in the adjusting rod 
and adjusting pin are aligned. install 
rollpin (6) and proceed to Section УП, 
Pressure Calibration. 


d. Install scale (15) in place over ‘О’ ring (17). Make 
sure scale is oriented correctly. 


е. Lubricate spring (14), ball (13) and ratchet plate 
(12) with petroleum jelly and install in place. Place. retaining 
ring (11) over the ratchet plate and align rollpin holes. Insert 
rollpins (10) flush with outside surface of retaining ring. DO 
NOT press rollpins (10) past flush or the adjuster will bind. 


f. Lubricate and thread adjustment rod (9) into 
adapter (16). Make sure tang of ratchet plate is in alignment 
with groove of adjustment rod. Thread adjustment rod in until 
rollpin hole of adjusting pin is in alignment with hole in adjust- 
ment rod. Install го ріп (6) into hole and center as shown іп 
Figure 8 sectional view. Move the adjustment rod, the adjust- 
ing pin should rotate, This verifies correct alignment. 


g. Lock the keylock located within knob (2). Install 
knob (2) with keylock (5) and scale ring (3) over adjusting rod 
(9). Turn key to unlock and rotate knob until detent locks in 
place within the adjusting rod (less than a full turn). Install 
rollpin (7) in place flush with outside of knob (2). DO NOT 
press past flush or knob may bind. Lock knob, the knob 
should rotate freely in the locked condition, 


13. Lubricate and insert *O' rings (27) into cover, then, 
install the cover S/A on the manifold. Use bolt kits called out 
in Table 9. 


Section УН - PRESSURE CALIBRATION 


A. CALIBRATION ON A TEST STAND 


NOTE 
Modify an existing test stand or build up 
the Мапа shown in Figure 12. Prepare test 
blocks for the 16mm and 25mm valves. 
Refer to Figure 13 for cartridge insert hole 
dimensions, Make sure the blocks have 
sufficient mass to handle the applied 
pressure. Install a cartridge insert into the 
test block. See Table 11. 


1. Install cover subassembly on the test block and torque 
cover screws tp the values shown in Table 9. 
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CAUTION 
In the following step (2) if test stand 
capabilities are less than the maximum 
test pressure setting, adjust the system 
relief valve to an appropriate pressure just 
below test stand maximum. 


2. Close globe valve (1) and set system relief valve. Valve 
test pressure can be read on gauge #1. 


3. Open globe valve (1) and close globe valve (2). Adjust 
cartridge pressure reducing valve cover under test to its max- 
imum pressure setting as noted on pressure gauge (2). Refer to 
Table 10 for cover pressure ranges (1 Баг = 14.5 PSIG). If the 








maximum setting is above the test stand's capability, adjust the 
cartridge pressure reducing valve to a pressure just below the 
test stand's limit and perform steps 4 through 7. If the capa- 
bility of the stand is not exceeded, omit steps 4 and 5 and per- 
form steps 6 and 7. 


4. Lower the reduced pressure setting 1000 PSIG and 
count the number of turns on the valve adjuster mechanism. 
This gives a relationship between pressure change and turns. 
Record this information and return the valves setting to the 
original pressure setting (just below test stands limit). 


5. Open globe valve (2) and rotate the valve's adjuster 
mechanism clockwise until it bottoms out and count the 
number of turns. Use information recorded in previous step to 
determine the maximum setting of the valve (i.e. If 10 turns = 


1000 PSIG, then 10 = 100 PSIG/turn. 


CAUTION 
BE SURE to turn off the test stand and 
allow pressure to zero before adjustment 
of the shims is accomplished in the 
following step. 


6. Measure or estimate the maximum pressure setting of 
the valve and adjust shims (12, Figure 7) accordingly. Adding 
shims increases pressure. 


7. И the cartridge valve uses а micrometer knob ог 
micrometer knob with keylock, return to the appropriate 
assembly procedure step (Section VI-I.11.d or VI-I.12.d). 
Remove rollpin (6) and adjusting rod (9). Complete assembly 
of the knob. Then perform step VI-I-13. The assembly of the 
cover to the manifold. 


SNUBBER 


PRESSURE 
GAUGE 1 


PRESSURE 
GAUGE 2 


SNUBBER 


COVER UNDER 
TEST 


VALVE 2 





Figure 12. Test Stand 
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Recess dimensions to DIN 24342 











3rd angla 
projection 


Vlaw at А-А 





{ min 10 deep 
pum mi for focating pin 





Nominal size - njetric (inches) 


Dimension 


b [| 65250 | 85935 | 


d 25.000 (0.9843) | 34.000 (3.3386) 
2 25,021 (0.9851) | 34,026 (1.3996) 
a. Teea | “на | 
аты | ана [зге | 
d, max 4 (157) 6 (236) 
| ма 

% 38 12125-18) | сала | 
à 4,000 ( 1575) 6,000 (2362) 
d 4,180 | 1646) 6,180 (2433) 
Em 
ees | teresa | 
ҚАРЫҚ а 4311882) || 5812283) 

Qm [asa | ежи _ 


65 (2.58) 


4000 (1.2588) 45,000 [1.7717) 
025 (1.2608) 45,025 (1.7728) 


to 


12 (472) 
44 (1.732) 


: 
Д ВЕС 


1,10 d, тах pes 11.181) | 405 (1.594) 


20 (787) 
1, Thread Depth 20 (.787) 
1 | 21078) 
2 (078) 


251984) 
2.51098) 
2.51098} 


u 0,03 (0012) 
w [0,05 (002) | 0,05 {.002) 
Т.Б micrometre (83 microinches) 


ғ 


* Depth ol finish "xa, in hole. 


Figure 13. Test Block Cartridge Insert Hole Dimensions (metric) 











B. CALIBRATION ON THE MACHINE 


WARNING 
Before breaking a circuit connection, be 
certain that power is off and the system 
pressure has been relieved. Lower all ver- 
tical cylinders and block any load that 
could generate pressure, 


1. Remove plug (21) and install a suitable pressure gauge 
in the opening. The pressure at the vent cross port opening will 
be very close to the outlet pressure of the reducing valve. 


2. Set the cartridge pressure reducing valve manual 
adjuster at minimum (fully counterclockwise) position. 


3. Start-up the machine and read gauge pressure to be 
minimum. 


4. Thread manual adjuster clockwise to the maximum 
recommended pressure for the system. Record the pressure. 


5. Turn the manual adjuster counterclockwise until pres- 
sure reduces 1000 PSIG. Record the full number of revolutions 
of the manual adjuster. This will give an indication of the 
number of turns per 1000 PSIG (i.e. == = 100 PSIG/turn). 
This Information сап be used to estimate the maximum 
pressure range setting of the cartridge pressure reducing valve. 
Return the setting to the maximum recommended pressure of 
step 4. 


6. Turn the machine off, observe pressure gauge, it must 
go to zero (0) before adjustment of shims (12, Figure 7) is 
undertaken in the following step. 


7. Тиги the manual adjuster clockwise from the maxi- 
mum recommended pressure Гог the system and count the turns 
required to bottom out. By using the number of turns per 1000 
PSIG calculated in step 5, an estimate of the maximum 
pressure setting of the valve can be determined. Remove or add 
shims (12, Figure 7). This will increase or decrease the pressure 
setting to cartridge valve specifications. See Tables 10, 12 and 
13. NOTE: Adding shims increases pressure setting. 


8. If the cartridge pressure reducing valve uses a microm- 
eler knob or a micrometer knob with keylock, return to the 
appropriate step (section VI-L1i.d or У1-1.12.4). Remove 
сапра (6) and adjusting rod (9). Complete assembly of the 

nob. 


C. CALIBRATION OF THE PRESSURE REDUCING 
VALVE MODULE 


NOTE 

Pressure calibration of the module will 
follow exactly the procedures developed 
for the ON TEST STAND and ON VEHI- 
CLE testing previously presented. With 
the exception that an interface cover and 
directional valve will be required to test 
the module. The pressure setting of the 
module must be lower than the pressure 
setting of the interface cover. Refer to 
Figures 4/5 and 10 during the adjustment. 
И an offset (LH) valve is used as the con- 
troller, the solenoid must be energized 
during this adjustment. If a detent type 
valve is used, the valve should be in the 
P-A, B-T position. 
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СТ5-259 


ИСКЕК5 Раде 1 оғ 4 


LABORATORY WORKSHOP 


Ф 


CARTRIDGE VALVES IN CONJUNCTION WITH THE FLUID POWER TRAINER 





I. То reciprocate the horizontal cylinder using a meter-out 
type speed control for control in both directions. 


A.  Assemble inserts and covers in manifold as shown 
in Figure #1. Note: That valve #1 and valve #4 
require dampener inserts and stroke limiting 


covers. 
Valve #1 Valve #2 Valve #3 Valve #4 
| | | ! 
@ | | | | 
racc NNUS] ЕЗИНЕ 5-2 ss 


Figure #1 


B. Complete the drawing shown in Figure 82. Тһе 
purpose of the circuit is to reciprocate the 
horizontal cylinder. 


C. Place the cartridge valve manifold on the hydraulic 
trainer tray directly beneath the hydraulic trainer 
manifold. Connect the circuit as you have drawn 
it. Before start up, back out the stroke limiter 
adjusting screws to permit maximum piston rod 
velocity. Observe piston rod velocity in both 
directions. 


D. Adjust stroke limiting controls decreasing the 
piston rod velocity in both directions. 


(b 883 
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Ма1уе #1 Valve #2 Valve #3 Valve #4 













Valve #4 


* Closed 
Valve #3 Q 





Figure 82 








ІІ. 





СТ5 259 
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Complete the drawing in Figure H3. 

Problem - With the addition of a second directional control valve 
arrange the circuit to permit regenerative advance with 
changeover to conventional. 


Valve H1 Valve #2 Valve #3 Valve #4 







Valve. #4 
Closed 
Valve #3 


Fiqure #3 


СТ5-259 
Page 4 of 4 
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A. Indicate the fou: equivalent directional valve spool 
positions in this circuit. Graphic symbols. 





. Remove and hang пр the hoses. Leave the manifold 
on the trainer for future use. Thank you. 


=. аа 











LICKERS. 


Given the following 


CLASSROOM PROBLEM 
CARTRIDGE VALVES 












Poppet cracking pressures with pressure 
applied to 'A' роп, “АР” area drained. 


SPRING 
TYPE [г [| ыш cp 05 
ee | 0.5 bar _ 

ү [25 bar | 









closed? 

a. Area ratio 1:2 
Spring Light 
À port pressure (bar) 58 
B и " it 52 
x " "n и 58 

B. Агеа ratio 121.1 
Spring Light 
À port pressure (bar) 50 
B Ww н и 52 
X н Wu н 56 

C. Area ratio 1:2 
Spring Heavy 
^ port pressure (bar) 4.0 
B и н н 4 „@ 
x " " " 0 „8 

D. Area ratio 1:1 
Spring Heavy 
А port pressure (bar) 1.6 
B " " "n 20 „а 
X " u H eoo eo 
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parameters, will the valve be open or 
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This chapter deals with various accessories 
used to perform special functions in hydraulic 
systems. The subjects covered are accumula- 
tors, intensifiers, pressure switches and іп- 
struments. 


ACCUMULATORS 


ACCESSORIES 


Unlike gases the fluids used in hydraulic sys- 
tems cannot be compressed and stored for usage 
at a different time or place. Where it can be 
used to advantage an accumulator provides a 
means of storing these incompressible fluids 
under pressure. It does so because of the fact 
that as the hydraulic fluid under pressure enters 
the accumulator chamber it does one of three 
things: it compresses a spring, it compresses а 


PRESSURE EQUALS 
WEIGHT DIVIDED 
BY PISTON AREA 
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gas, or it raises a weight. Any tendency for 
pressure to drop at the inlet causes the element 
to react and force the fluid back out. 


WEIGHT-LOADED ACCUMULATOR 


The earliest type of accumulator built was the 
weight-loaded design (Fig. 12-1). А vertical 
ram or piston has provision for adding or re- 
moving weights to vary the pressure. Pressure 
is always equal to the weight imposed divided by 
the piston or ram area exposed to the hydraulic 
fluid. This is the only type of accumulator where 
pressure is constant, whether the chamber ‘is 
full or nearly empty. Weight-loaded accumula- 
tors, however, are heavy and bulky and their 
use is limited. They may be fcund on some 





Fig. 12-1. Weighted Accumulator Produces Constant Pressure 
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SPRING 


PRESSURE 2 SPRING 
FORCE DIVIDED BY 
PISTON AREA 





Fig. 12-2. Spring-Lohded Accumulator does not Require Charging 


HYDRAULIC 
FLUID 


Fig. 12-3. Accumulator with no Separation Between Gas and Liquid 
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heavy presses where constant pressure is ге- 
quired or in applications where unusually large 
volumes are necessary. 


SPRING-LOADED ACCUMULATORS 


In a spring loaded accumulator (Fig. 12-2), 
pressure is applied to the fluid by compression 
of a coil spring behind the accumulator piston. 
The pressure is equal to the instantaneous spring 
force divided by the piston area. 


. Spring Force 

Pressure = e 

Where: Spring Force = Spring Constant x (Com- 
pression Distance) 


The pressure therefore is not constant since the 
spring force increases as fluid enters the cham- 
ber and decreases as it is discharged. 


Spring loaded accumulators can be mounted in 
any position. The spring force, i.e., the pres- 
sure range is not easily adjusted, however, and 
where large quantities of fluid are required the 
forces involved would make spring sizes im- 
practical. 


GAS CHARGED ACCUMULATOR 


Probably the most commonly used accumulator 
is one in which the chamber is pre-charged with 
an inert gas, usually dry nitrogen. Oxygen 
Should never be used because of its tendency to 
burn or explode under compression with oil. 
While air is sometimes used, it is not recom- 
mended for the same reason. 


A gas charged accumulator should be pre- 
charged while empty of hydraulic fluid. Рге- 
charge pressures vary with each application and 
depends upon the working pressure range and 
volume of fluid required within that range. IL 
should never be less than 1/4 and preferably 1/3 
of maximum working pressure.  Accumulator 
pressure varies in proportion to the compres- 
sion of the gas, increasing as fluid is pumped in 
and decreasing as it is expelled. 


No-Separator Type 


Figure 12-3 shows an accumulator with no sepa- 
rator between the hydraulic fluid and the charg- 
ing gas. Frequently used on diecast machines it 
must be mounted vertically. It is important to 
select a pressure volume relationship such that 
not more than 2/3 of the oil is ever used in 
operation to avoid accidental discharge of gas 
into the aystem. 
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Diaphragm or Bladder Type 


Many accumulators incorporate а synthetic 
rubber diaphragm or bladder (Fig. 12-4), to 
contain the gas precharge and separate it from 
the hydraulic fluid. Since certain fire resistant 
fluids may not be compatible with conventional 
diaphragm or bladder materials it is important 
that proper selection be made. 


Available ой can vary between 1/4 and 3/4 of 
total capacity depending upon operating condi- 
tions. Operation outside these limits can cause 
the separator to stretch or wrinkle and shorten 
its life. 


Piston Type Accumulator 


Another method of separating the gas charge 
from the hydraulic fluid is by means of a free 
piston (Fig. 12-5). Similar in construction toa 
hydraulic cylinder the piston under pressure of 
the gas on one side constantly tries to force the 
oil out of the opposite side of the chamber. Here 
too pressure is a function of the compression 
and varies with the volume of oii in the chamber. 


APPLICATIONS 


In many hydraulic systems, a large volume of 
fluid is required to do the work, but the work is 
done only intermittently in the machine cycle. 
For example, in die casting, the "shot" cylinder 
must be moved very rapidly when the piece is 
being formed, but is idle while the piece is being 
removed and during the mold closing and opening 
phases. Rather than use a very high volume 
pump intermittently, such a system stores fluid 
from a relatively small volume pump in an 
accumulator and discharges it during the "shot" 
portion of the cycle. 


Another application is where it is necessary to 
maintain pressure for extended periods of time. 
Instead of allowing the pump to run constantly at 
the relief valve setting, it is used to charge an 
accumulator. The pump can then be unloaded 
freely to tank while the accumulator maintains 
pressure. Pressure switches or unloading valves 
are used to recycle the pump periodically to 
replace fluid lost through leakage or valve 
actuation. 


Accumulators may also be installed in a system 
to absorb shock or pressure surges due to the 
sudden stopping or reversing of oil flow. In such 
cases the pre-charge is close to or slightly 
above maximum operating pressure allowing it 
to "pick ой" pressure peaks without constant or 
extended flexing of the diaphragm or biadder. 


GAS VALVE 





METAL BUTTON 
TO PREVENT 
EXTRUSION OF 
BLADDER 





. 12-4. Diaphragm Accumblator Uses Rubber Separator Between Gas and Liquid 


GAS CHAMBER 
FLUID CHAMBER 


PISTON SEAL 


PISTON Q 


Fig. 12-5. Piston Accumulator is Gas-Charged 
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LE EE 


SYMBOL SYMBOL 


1. LOW PRESSURE ON А LARGE AREA 






. CREATES A FORCE 


PRESSURE= 
300 psi 








SINGLE ACTING INTENSIFIER DOUBLE ACTING INTENSIFIER ` 


AREA = 15 SQ. IN. 





3. WHICH RESULTS INA 
HIGH PRESSURE FROM А 
SMALL AREA 


Fig. 12-6. Intensifier "Boosts" Pressure 
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Ава voli of caution the accumulator|must be 
blocked dut of the circuit or posco dis- 
charged before attempting to disconnect any 
hydraulic) lines. Never try to disassemble ал 
accumulator without ri releasing the рге- -сһагре 
whether if be gas, weights, or springs. 


INTENSIF|ERS 








| 
An intensifier is a device used to multiply pres- 
sure. 






applications such as riveters ИЕ ріегс- 

ен а small amount of oil at high 
pressure may be required for the final portion of 
the work, cylinder travel. An intensifier can 
develop pressures several times higher® than 
what can e developed by the pump. figure 
12-6 pressure on the large area exerts a force 
which r res а considerably higher pressure 
оп the small area to resist it. Presa in- 
crease i$ in inverse proportion to the area 
ratios. The volume of fluid а at high 
pressure УШ, however, be proportionately less 
than that equired at the large end. 

| 


ELECTRICAL 
SWITCHES 


8622. 
af и 
2] à 


SPRING TENSION. — o 
(PRESSURE) С” 


ADJUSTING 
SCREWS 


PRESSURE SWITCHES 


Pressure switches (Fig. 12-7) are used to make 
or break (open or close) electrical circuits at 
selected pressures to actuate solenoid operated 
valves or other devices used in the system. 


The operating principle of a pressure switch is 
shown in Figure 12-8. This design contains two 
separate electrical switches, Each is operated 
by a push rod which bears against a plunger 
whose position is controlled by hydraulic and 
spring forces. The pressure at which the 
Switches operate is selected by turning the 
adjusting screw to increase or lessen the spring 
force. 


It should be noted that іп this design the switches 
are actuated by the springs when the unit is 
assembled. Thus the normally open contacts are 
closed and vice versa. 


When the preset pressure is reached the plunger 
wili compress the spring and allow the push rods 
to move down causing the anap action switches to 
revert to their normal condition. 


PRESSURE ON THESE 
в АСТ AGAINST 
// SPRING FORCES. 


PRESSURE 
PORT 


SPRINGS PUSH AGAINST PUSH 
RODS TO HOLD SWITCHES 
NORMALLY ACTUATED 








Fig. 12-7. Typical Pressure Switch 
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WITH МО PRESSURE AT PORT, 

SPRINGS ARE FULLY EXPANDED AT LOW PRESSURE SETTING 

AND PUSH RODS ACTUATE PLUNGER WILL COMPRESS 

SWITCH, CLOSING CONTACTS SPRING ALLOWING PUSH 

SHOWN BY DASHED LINES. ROD TO MOVE DOWN AND 
FRONT SWITCH OPENS 
COMPLETING CIRCUIT 
SHOWN BY DASHED LINES. 


FRONT 
SWITCH 
BACK 
SWITCH 


PLUNGERS LOW PRESSURE 
ADJUSTMENT 


HI GH PRESSURE 
ADJUSTMENT 


AT HIGH PRESSURE SETTING, 
THIS PLUNGER MOVES DOWN 
TO OPEN BACK SWITCH 
COMPLETING CIRCUIT SHOWN 
BY DASHED LINE. 





Fig. 12-8. Pressure Switch Operation 
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By using both switches in conjunction with an 
electrical| relay, system pressures may be main- 
tained wi widely variable high andlow ranges. 


INSTRUMENTS 


Flow rate, pressure and temperature measure- 


ments aré required in evaluating the perform- 
ance of hydraulic components. All three can be 
helpful top in setting up or trouble-shooting a 


hydraulic system. Due to the difficulty in in- 
stalling а flow meter in the circuit, flow meas- 
urements are often determined by timing the 
travel or rotation of an actuator. Pressure and 
tempera re are determined in the usual manner 
by means bf gauges and thermometers, 


Pressure Gauges 
Pressure [gauges are needed for adjusting pres- 
sure control valves to required values|and for 
determining the forces being exerted by a cylin- 
der ог the torque of a hydraulic motor. 


Bourdon tübe and Schrader types. In the Bourdon 
tube gauge (Fig. 12-8), а sealed tube is formed 
іп an arc. | When pressure is applied at the port 


Two MT types of pressure gauges are the 


| BOURDON TUBE 


opening, the tube tends to straighten. This 
actuates linkage to the pointer gear and moves 
the pointer to indicate the pressure on a dial. 


In the Schrader gauge (Fig. 12-10), pressure is 
applied to a spring-loaded sleeve and piston. 
When pressure moves the sleeve, it actuates the 
gauge needle through linkage. 


Most pressure gauges read zero at atmospheric 
pressure and are calibrated in pounds per square 
inch, ignoring atmospheric pressure throughout 
their range. 


Pump inlet conditions are often less than atmos- 
pheric pressure. They would have to be meas- 
ured as absolute pressure, sometimes referred 
to as psia, but more often calibrated in inches of 
mercury with 30 inches of mercury considered a 
perfect vacuum. А vacuum gauge calibrated in 
inches of mercury is shown in figure 12-11. 


Gauge Installation 


It is desirable to incorporate one or more gauge 
connections in a hydraulic system for conven- 
ience in set-up and testing, although gauge ports 
are included in most relief valves and in some 


TUBE TENDS TO 

STRAI GHTEN UNDER 
PRESSURE CAUSING 
POINTER TO ROTATE. 





Fig. 12-9. Bourdon Tube Gauge 
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CONNECTING LINK 


SLEEVE 
MOVES 
LINKAGE 
WHEN 
PRESSURE 
PISTON 1S 
APPLIED 





Fig. 12-10. - Schrader Gauge Operation 





Fig. 12-11. Vacuum Gauge Calibrated in Inches of Mercury 
12-9 





Fig. 12-12. Gauge Installed with Shutoff Valve and Snubber 


POROUS ELEMENT THREADED PLUG 
RESTRICTS FLOW METERING 
РИМ 





LONG, NARROW, 


SPIRAL PASSAGE 
RESTRICTED OPENING 
P че FOR FLOW 





Fig. 12-13. Gauge Snubbers Guard Against Pressure Surges 
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other hydraulic components, When a gauge is 
installed permanently on a machine, a shutoff 
valve and snubber (Fig. 12-12) are usually in- 
stalled along with it. The shutoff valve prolongs 
gauge life by isolating it from the system except 
when it is desired to make a reading. The 
snubber (Fig. 12-13) prevents the gauge írom 
oscillating and protects it from pressure surges. 
A small coil (approx. 2" diam. )of 1/8 inch tubing 
makes an excellent gauge damping device when 
commercially made units are not available. 


Flow Meters 


Flow meters are usually found on test stands, 
but portable units are available. Some include 
the fiow meter, a pressure gauge and thermome- 
ter in a single unit (Fig. 12-14). They are 
Beldom, if ever, connected permanently on a 
machine, However, coupled into the hydraulic 
piping they are useful in checking the volumetric 
efficiency of а pump and determining leakage 
paths within the circuit, 


А typical flow meter (Fig. 12-15) consists of a 
weight in a calibrated vertical tube. Oil is 
pumped into the bottom and out the top and raises 


the weight to a height proportional to the flow. 
For more accurate measurement, a fluid motor 
of known displacement can be used to drive a 
tachometer. Тһе еріп flow is: 


rpm x displacement (cu in. /rev) 
23 


Of course, the tachometer сап be calibrated 
directly in gpm as well as rpm. 





gpm = 


Another type of flow meter (Fig. 12-16) incorpo- 
rates what is called a disk piston which when 
driven by the fluid passing through the measuring 
chamber develops a rotary motion which can be 
transmitted through gearing to indicator hands 
on a dial, 


More sophisticated measuring devices are tur- 
bine type flow meters which generate an electri- 
cal impulae as they rotate and pressure sensing 
transducers which may be located at strategic 
points within the system where they send out 
electrical signals proportional to the pressures 
encountered. These signals can be calibrated 
and observed on an oscilloscope or other readout 
devices. See figure 12-17. 





Fig. 12-14, Flow Meter with Pressure Gauge and Thermometer in One Unit 
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FLOW THROUGH TUBE 24 & FLOW RATE IN gpm IS 


CAUSES INDICATOR TO = у“ = READ DIRECTLY ON 
RISE IN TUBE, ғ SCALE АТ THIS EDGE 


OF INDICATOR 





Fig, 12-15. Typical Flow Meter 


4. WOBBLE ACTION OF DISK 

IS CONVERTED TO ROTARY 

MOTION HERE WHICH DRIVES 5. RATE OF WOBBLE ON 
DISK INCREASES WHEN 


INDICATING MECHANISM 
FLOW RATE INCREASES. 


1. INLET FLOW ENTERS 
DISK CHAMBER AT PORT 
BEHI ND PARTITION 


= 3. FLOW OUT IS 
TR 71 THROUGH PORT 
| ON THIS SIDE OF 
CHAMBER PARTITION 


AS FLOW COMES AROUND 
і R PARTITION 
CHAMBER IT FORCES THE DISK DISK CHAMBER PART 


Fig. 12-16. Flow Meter with Disk Piston 
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3. AN ELECTRONIC DEVICE WILL 
BE CONNECTED TO THE SENSOR 


TO CONVERT THE PULSES TO FLOW 


RATE INFORMATION 


2, SENSING DEVICE DEVELOPS 
AN ELECTRICAL SIGNAL EVERY 
TIME A TURBINE BLADE PASSES 


1. FLOW CAUSES TURBINE ТО 
SPIN AT RATE DETERMINED BY 
THE RATE OF FLOW 





Fig. 12-17. Turbine Flow Meter 


Such units are found more often in the labora- 
tory, although they, too, are becoming à part of 
the equipment used by fluid power technicians in 
setting up and maintaining equipment. 


QUESTIONS 


1. 
2. 


Name two functions of an accumulator. 


Which type of accumulator operates at a 
constant pressure? How can the pressure 
be changed? 


How is pressure created in the free-piston 
accumulator? 


. What type of gas is preferred for рав- 


charged accumulators 2 


. What prevents the bladder from extruding іп 


a bladder type accumulator? 


. What is the purpose of an intensifier? 
. How is a pressure switch operated? 


. Give three situations where a pressure 


gauge might be required. 


. How are vacuum gauges calibrated? 
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Solenoid DG4V-3-* A-M(P* *)-* *-*-40 Spring Offset 
Operated 

Directional | 
Valve 








Vickers, Incorporated 1401 Crooks Road Revised 7-1-85 1-3861-S 
Troy, Michigan 48084 


A Libbey-Owens-Ford Company 












BSPOO 
TYPE |5РООҺ) krr 


989594 | 926350 | 
2/28A | 631615 | 926351 
| GA [989595 | 926352 





















ЕГЕ 
[683312 [989721 |110/50, 115/60, 120/60) [FB3] 
[635062] [633742]|220/50, 230/60, 240760] — [D] 
| 683218! |989764] 24/50, 24/60 | | DN | 
[683310] [683053| 100/50, 100/60 | 
[32 | DK | 
[681610] [989656| | за | UE 

И ДЕГ 


| 682552) [682550 
*B-B REDUCED POWER CONSUMPTION COIL 







SPOOL КТГ ALSO IN- 
CLUDES PARTS PRE- 
FIXED WITH A ANDE. 








984633746 GASKET/ — 
RETAINER 
PARTSPREFIXED WITH SYMBOLS 
AVAILABLE ONLY IN KITS @OMIT WHEN USING 
MCDELS WITH DIN 
SUFFIX SYMBOL PERTAINS ONLY] | 43650 COILS. 
TO VICKERS MATERÍAL CONTROL 


@INCLUDED IN 926433 9630855 
TERMINAL 
FASTENER KIT MINA Lam Sa 
AINCLUDED IN F3 
SEAL KIT 920304 










FOR ELECTRICAL 
FEATURES AND 





069386212 SCREW 





-A SPOOL DESIGNATION OF 28A INDICATES VALVE 
IS USED AS A PILOT FOR TWO STAGE VALVES WITH 

Y REFER TO 
ATE. 





68406350690 ji ME тШ 


UNSLOTTED END DIA. TOWARDS SOLENOID. 


631604 BODY 
(NOT AVAILABLE a 
DIN 43650 COIL MATING FOR SALE) 
RECEPTACLES (NOT SHOWN) 


( 

710718 "А! SOLENON? (GRAY i H.) BSPOOL (SEE TABLE 
710775 "в" SOLENCID (BLACK R. H.) 

DIN 43650 COIL S/A 


(SEE TAHLE) 
(INCLUDES LABEL) 








#627800 WASHERS 


8635313 SPRING 
989712 SPRING 
(USE WITH + 
B-9 COIL) 









У О | 453531 "АС 
a 635076 'DC' 
685346 "АС" CORE TUBE S/A 


262336 "О" RING 





р 685347 'DC' CORE TUBE 5/А 
< 


TORQUE 17.0 -28.0 N. m 
(12. 5 - 20.6 Ib. ft.) 
wA 262333 "О" RING 
COIL S/A (SEE TABLE) @ 
(INCLUDES LABEL, LEADS, & SEALS) 
4262345 "О" RING 


685345 END CAP 


SCREW {METRIC 


STD „з аз 
Фикер) |6 REQ'D) ОС4У-3-ЖА-М(РЖЮ-ЖЕ-%-40 


989583 SEAL (2 REQ'D) 
CO ы SCREW FOR 
4,5 - 6.2 Ib. in.) 468641 SCREW FOR 

DIN 43650 MODELS) 


635067 CARRIER (STD MCDELS) 
989585 CARRIER (DIN 43650) 













NAMEPLATE LABEL 
(STD MODELS REFER TO DWG. Ј-682451) 
(DIN 43650 REFER TO DWG. Ј-685777) 


eu SCREW (2 AN 


(TORQUE 2.3 -2,8N, m) `. 
(20.3 - 24,8 Ib. in.) 


634235 END CAP 
(TORQUE 17. 0-28. 0 М. m) 
(12.5 - 20.6 1b. ft. ) 


(METRIC) 
Ф%Ф516915 SCREW 4262336 "О" RING 
Ж. -a "cd 
Di ані 


4535313 SPRING Ж 


989712 SPRING Ф ` 
(USE WITH В-9 COIL) 


"p" FEATURE 
MANUAL OVERRIDE 


| | 
|| 
"A 2 "О" RIN 


676271 PLUNGER № 


INS 


RESTRICTOR PLUG #4262336 "О" RING 


(OPTIONAL)(SEE TABLE) [RESTRICTOR PLUG 






676270 END CAP 
ORIFICE DIA. 
PART (TORQUE 17.0-28.0 №. т) 
<. "о" RING (4 REQ'D) Er inches (12. 5 - 20.6 Ib. ft.) 


[684300] 0.3 | .012.— 


RIGHT HAND ASSEMBLY SHOWN, 


c jos) c» | [en | as 
со | Оз [оз ajea 
salen} bo |ез | = 
емесі 
md | OO] Gad јез | col 
(а | ма] - | 5 | bo] c 


EXCEPT 28А (Р) FOR LEFT HAND 
ЗЕЕ ASSEMBLY, ALL PARTS ARE 
REVERSED, EXCEPT BODY AND 
TERMINAL BOX. 





e 
en 
P 


USE IN EITHER 
A, B, P, OR T PORT 


MODEL CODE BREAKDOWN - 
DG4V-3- * A(P)(L)-M(P* )-* *-* -(9)-(* **) -40 


DIRECTIONAL TER 


ALVE 

























RESTRICTOR PLUG 
SUBPLATE OR (А, B, P, OR T PORT) 
NIFOLD (SEE TABLE FOR 

OUNTED ORIFICE DIA. SIZES) 


SOLENOID LOW WATTAGE COIL 
OPERATED (B COIL ONLY) 
MAXIMUM COIL CODE LETTER (SEE TABLE 
PRESSURE FOR VOLTAGE AND 
RATING FREQUENCY) 
350 bar 
(5000 PSI) U - DIN 43650 COIL 
W - WIRING HOUSING š NPT THD. 
INTERFACE WL - WIRING HOUSING š МРТ THD. 
МЕРА-р01/ (WITH INDICATOR LIGHT) 
150 -4401 -3 
ELECTRICAL 
SPOOL TYPE FEATURES (REFER 
TO DWG. 1-3866-5) 


А - SPRING OFFSET 


TO Ay PORT FLAG SYMBOL HEADING 
MANUAL OVERRIDE ELECTRICAL FEATURES @ 
(OMIT WHEN | AND 
NOT REQUIRED) LEFT HAND (OMIT 


МА NOT REQ'D) 







KIT RAN 
[926499 | 12V AC/DC] 
1926431 | 24V AC/DC] 
1926432 |115У AC/DC | 


LIGHT KITS INCLUDE 
TWO LIGHTS 






635065 CARRIER 
(LIGHT) 












oplete unit can be replaced 
cost, factory repair is not 







For satisfactory service life of these components industrial applications, use full flow filtration to 
provide fluid which meets 150 cleanliness code 18/15 or cleaner. Selections from Vickers ОЕР, OFR, C 
and OFRS series are recommended. 


Litho in U S. A. 


Service Data 7C K £5 
d^ 
CETOP 3 Size Soft Shift 


Directional Control Valves 
DG4V-3S-***2**(L)-**-(V)M-******(L)-**5-60-(P**-A**-Bs*-T**) 





Vickers Incorporated 

A TRINOVA Company 
5445 Corporate Drive 

P. O. Box 302 

Troy, Michigan 48007-0302 
U.S.A. 


Revised 12-01-91 1-3894-5 


| 
MODEL |Бғооі.| TYPE] SPRING | 
Бәгөлз |25 | 507889 | 
[892914 |6 | 694299 | 
(һөзз19 | вх | 694209 | 
[892915 | 3352| 507880 | 
[892916 | 2А | 507889 | 


-**B/C 


RESTRICTOR PLUG 
Install In РТА, Or B As Required 





CODE (ORIFICE DIA, PART # 
03 0,30 (0.012) 694341 
06 0,60 (0.024) 694342 
08 0,80 (0.030) 694343 
10 1,00 (0.040) 604344 
13 1,30 (0.050) 694345 
15 1,50 (0.060) 694346 
20 2,00 (0.080) 694347 
23 2,30 (0.090) 694348 








ORIFICE (] req'd per core tube) 








CODE | PART £ COLOR 

00 | Orifice omitted 

07 | 635134 Green 

08 635135 Blue 

09 893320 Purple 
ж Push Pin 


АЖ 262353 "0" Ring 
ж 02-135785 Core Tube 5/А 


Coil S/A | table) Р coils shown 8 
(1 req'd А & B models, | 
2 req'd С models) a А m 262332 "0" Ring о 
Orifice (5ев table) (4 Req'd) 
Refer to Баск page = Restrictor Plug 
for orifice changing (see table) 
procedure. 
и 472553 Pin 


DIN Coil S/A (See tabl ——— 


U/SP1/SP2 models 
(1 req'd A & B models, 
2 req'd C models) 


* ACCESSORY KIT 







80 02- 113349 Screw (4 Req'd) 

881 468641 Screw (2 Req'd) DIN models N 
694386 Nameplate (Shown) а 
694302 Nameplate (DIN models) \ 


Пе 890333 Cove 
(је 890331 Gasket 


Oe 890330 Stra 
Пе 36212 Screw (2 Req'd) 

игле 473710 Screw (2 Req'd) 
9890341 Terminal box (W builds) 
6890342 Terminal box (J builds) 


Пе 890332 Gasket 
De 576915 Screw (ground) 


ЖЖ 252342 "О" Ring 


* 458458 Washer 


Spool (See table) 
Ж Spring (Sae table) 
Omit А models tnis end 








3.892920 Мапџа actuator S/A 
A* 262392 "O" Ring 
1 694272 Retaining Nut 













4 507734 Body 
+ 507731 Body (DIN) — 












ж included in cora tuba S/A 

* Available in spool accessory kit 
(see table) 

4 Available in seal kit only 858996 

С Available in mounting kit 893236 only 

• Omit for DIN models 

m Available in qty’s. of 25 or more only 

* Not available for sale 

88 Torque 4.4-6.2 Ib. in.(.5-.7. N.m) 

Ш Torque 18-25 lof. in.(2,3-2,8 N.m) 

ІН Torque 22-27 ТЫ. #.(30-36 N.m) 

t Torque 21-26 Ibf. in.(2.5-3.0 N.m) 














ЇН 507908 End сар 
AX 262342 "О" Ring 


Spring (sea table) 
* 458458 Washer 
У 676560 Plug 
(2 гесүсі) e» 
Ф ë 








COIL- 





Ф 


МОТЕ 
See service drawing I-3886-S for 
options. 





DG4V-3S-*A2**(L)**-(V)M-FW-60 
Spring offsetto CYL. "A", shiftto center 
DG4V-35-*B2**(L)**-(V)M-FW-60 
Spring Centered, Sol. “А” Removed 
Refer to other end of valva for common 
part numbers except as noted. 








LETTER| F MODELS | U MODELS | SP2 MODELS| SP1 MODELS 
| 02-123958 | 02-123938 |02-123942 | 
| 02-123959 | 02-123939 | 02-123943 | 














A* 262342 "O" Ring 


02-123960 | 02-123940 | 02-123944 
02-123961 | 02-123941 |02-123945 | 









DG4V-3S-*C2**-(V)M-FW-60 
Spring Centered, Dual Soleniod 
Refer to other end of valve for common 
part numbers except as noted. 





ЕН 507972 Plug & manual override S/A———- 


1 Spring (see table) NOTE 

| (1 Req'd) For satisfactory service life of these 

| Ж 458458 Washer components in industrial applications, use 
full flow filtration to provide fluid which 

' (equ) lug \ 6 meets ISO cleanliness code 18/15 ог 

' ИУ 


cleaner. OFF, OFA, and OFRS series filters 
are recommended. 


DG4V-3S-*A2**-*P2-(L)**-(V)M-FW-60 
Manual override in end cap 

Refer to other end of valve for common part 
numbers except as noted. 


NOTE 

Right hand assembly shown for all single 
solenoid valves, for left hand assembly ай 
parts are reversed except body. 


Model code 


Efi 


[1] Valve type 


D - Directional control valve 
G - Subplate mounted 
4 - Solenbid operated 
V - Rated pressure (350 bar) 


[2] interface 


- 150 4401-03, CETOP 3 (МЕРА D03) 










[3] standard performance 


[4] Spool types 

2 - Closed center (all ports) 

6 - Closed center (P only) 

В - Tandém center (open crossover) 
33 - CI center (Bleed А & B) 


[5] Spool/spring arrangement 

А - Spring offset, single solenoid 
AL - Spring offset, single solenoid 
(Left rans) 

B - Spring centered, single solenoid 
BL - Spring centered, single solenoid 
(Left hand build) 

C - Spring centered 


[5] | shift valve 


Soft shift orifice size 


00 - Мо crifica 
07 – 7 mm 
08 - .8 mm 


09 - 9 mm 


„Ж Ж k * 


ЕГЕС” 


[8] Мапџа! бше 


ЕЗІНЕ Ovarrida in solenoid end only 
Manual override in епа cap and 
solenoid, А & B models only 


[9] Solenoid energization identity 


Blank ~ ANSI B93 energize Solenoid А 


to give flow P to А 

V -|Solenoid identification determined 
by position of solenoid (I.e. solenoid А 
is at port A end of valve, Solenoid B is 
at jiu B end of Valve. ) 


Flag symbol 


М ыы electrical faatures and 
options) 


Coll types 


Е - Flying lead type coils 
U - DIN 43650 coils 


SP1 - Single '/4," male spade ISAE J858A 


type 1А 
SP2 - Dual !/," 
type ТА 


[12] Coil connectors 


("U" type coils only, omit if not required) 


1 - Connactor fitted 

6 - Connector with lights fitted 
11 - Rectifier with lights fitted 
12 - Rectifier fitted 


male spade ISAE J858A 








7" = (P*-A*-B*-T*) 
[13] Electrical connections 

(*F" type coils only, omit if not required) 
PA - Insta-plug male recpt. only 

PA3 - 3 pin receptacle 

РАБ - 5 pin receptacle 

PB - Insta-plug male & female recpt. 

T - Terminal block 


Wiring housing thread 


(“Е” type colis only, omit if not required) 
W - 1/2 NPT 
J - M20 x 1.5 


Solenold Indicator lights 


(Not available on РА, U, SP1, SP2, 
omit if not required) 


Coil identification letter 


С - 12V DC DJ - 88V DC 
H-24VDC — P-110V DC 


Soft shift coll identification 
Tank pressure rating 
5 - 100 bar (1450 psi) 


Design number 
Port orifices 


а.д. “P08” - 0.8 mm orifice in P port 
(omit it not required) 


03 - 0.30 dia. 13-1.3 dia. 
06 - 0.60 dia. 15 - 1.5 dia. 
08 - 0.80 dia. 20- 2.0 dia. 
10 - 1.0 dia. 23 - 2.3 dia. 





eamm 





Orifice changing procedure 
WARNING 
1. Before breaking a circuit connection 
make certain that power Is off and sys- 
tem re has been released. Low- 
er all vertical cylinders, discharge ac- 
ситиіаібгв and block any load whose 
movemant could generate pressure. 
Plug all femoved units and cap all 


lines to prevent entry of dirt into the 
system. 


2. Using a 5/32" hex key, remove man- 
ual te tor plug and spring from the 
end of soe (Tightening torque 
6.2-7.3 N.m 55-65 ІМііп.) 


111, ı — 

{4. м — 
Dimension required 
= гатоме orifice 


3. Insert extraction tool (878495) into 
solenoid via tha manual actuator 
opening. Rotate tool until aligned and 
push pin into slot in armature. 


4, Using 1/2" wrench and tool to pre- 
vent the armature from rotating, insert 
3/32" hex key down tha center of tool 
and remove описе plug. 










2 


— aa 


The right to modifications for technical Improvements is reserved 


aa кета) 
EA VAN 
sa 


5. Replaca by the same method, tight- 
aning orifice snug to ensure bottoming 
of threads. Smaller orifices increase 
response times, largar orifices de- 
crease responsa time. 


Orifice & tool kit 02-140211 


For fine tuning shift performance, orifice 
must be ordered separately. The kit in- 
cludes (2) each of .7, .8 & .9 mm dia. 
orifices, (1) installation tool, (1) 5/32" 
hex key and (1) 3/32" hex key. 
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СТ5-185 


UERS, 2287 
> CLASSROOM OR HOMEWORK PROBLEM 


2. 


92 


Pilot Operated Directional Control 


NAME 


In the figure below, solenoid (5) is showün in the energized 
position directing pilot oil to shift the main valve spool 
causing the cylinder to retract. ТЕ the solenoid is de- 
energized before the cylinder reaches the end of its stroke, 


describe what will occur. 





In the figure below, describe what will occur if solenoid (5 
is energized. 





И —————— 











+ 


— ee — ph et сы лан i... ы 


B D 
as 
44: 
= 

taj 
в 
(n 

ч 

1 
61 
wo 
о 
| КЕ! 
š A 

га 
b. 
TN 
i o£ si. 
BLA 
: ый 
rf thd 
vt m 
~ + 
ad Te 
B d 

ә! 








n 


7 











LICKERS. Lor2 


CLASSROOM OR HOMEWORK PROBLEM 


Name: 


PROCEDURE: 


1. Add working lines, tank return lines, pilot lines 
and drain lines, as necessary, to complete the 
circuit on Page 2 of 2 to provide the sequence of 
operation shown. 


25 Determine maximum GPM through: 


Cartridge 1. _ ^ à GPM 
Cartridge 2. _ à СРМ É. 
Cartridge 3. _____ СРМ 
Cartridge 4. GPM 


< > "Pes 


2242 23-19596 № | 








с-сеозсе2р 
O- OPEN 


шым. НО Н! МА ИН | ЕП 





feet eel a 


ас. | SHEA TOR 
POS St, rr] re een SACRE k. 


MAS SE TES Tee 





= | 
гы 
uj Б ы 


са З 
ЗЛЕ ZD А 





] Қ ет. 1 4 

! wu 2,1 ерен chy 

parime: man a rie ieee: mL 
"жо; ЕЕ MI Y эке PIS о SP ows 


e cm — о вже — 
- o 













ав о = Mo vut SU ғ. TEM NH аме МЕЊА олен 
Ll фаол. г 00 чирева ара рате ере = Tia Ps Id чч -. 
‘о GEM REER РМ v aS N D ОН 
7 ——— GG P——— — она 
pi epu тт, вера „ЛЫ 
а равни аи амъ — ыса, ыы гі EE 











